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Abstract 
Computer-enhanced Learning in Tertiary Education 
Diana Mackie 
It is widely accepted that mathematics courses for science and 
engineering undergraduates should aim to develop an enquiring and creative 
approach to mathematics together with good communication skills. Due to 
their versatili ty, computatonal power and graphical capabilities, 
computers can play a significant role in developing these skills. A 
review of the development of computer-assisted learning of mathematics 
established that a new investigative approach could exploit the potential 
of the computer. 
For this project, two comprehensive computer-based learning 
packages were developed. The content and educational objectives of the 
packages were determined by consultation with mathematics lecturers. 
These objectives were to encourage investigative work, to facilitate 
problem solving and to enhance student understanding of certain algorithms 
and topics. The packages were evaluated over a four-year period, whilst 
in regular use in the mathematical sciences laboratories at Napier 
Polytechnic as part of the curriculum of several degree courses. During 
the formative evaluation, modifications and improvements were 
incorporated. The second stage of the evaluation comprised an 
investigation of the impact of the packages on the mathematics curriculum. 
In particular, changes in teaching approaches, learning outcomes and 
student attitudes towards mathematics were studied through observation, 
questionnaires and interviews. The feasibility of transfer of the 
materials developed to other higher educational establishments was also 
examined. 
The study identified an increase in the use of graphical methods 
to explore the behaviour of functions, numerical methods and models, more 
emphasis on investigative work, and more analysis and interpretation of 
results. Improved communication skills were also noted. It was deduced 
that the computer-based approaches adopted had fostered the development of 
higher cognitive skills, thus leading to an enhanced quality of learning. 
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CHAPTER 1 
Introduction 
1.1 Technology and Mathematics 
A "programme of studies must aim to stimulate an enquiring, 
analytical and creative approach, encouraging independent 
judgement and critical self-awareness." 
CNAA Handbook, 1988 
Mathematics is studied at Polytechnics primarily as a tool for use 
in science, engineering and the management sciences. Many complex problems 
in industry and commerce can be formulated as a mathematical model whose 
behaviour can be studied under different conditions, usually with the aid 
of a computer. The rapid pace of innovation in microelectronics in 
industry and commerce has resulted in a demand for graduate mathematicians 
and engineers able to utilise new technology and to tackle a wide variety 
of unfamiliar mathematical problems with confidence. Various committees 
have been set up in recent years to study future requirements for 
mathematical and engineering education. 
The report by the Finniston Committee (1980) introduced the 
concept of an engineering applications (EA) element integrated into all 
engineering degree courses. One particular aspect of EA aims to develop 
a student's ability to apply knowledge to the solution of practical 
problems based upon engineering processes and systems. The Institute of 
Electrical Engineers interprets this as placing an emphasis on the 
relevance of theory to engineering systems, including the ability to 
develop and use mathematical models from which the behaviour of the 
physical world can be predicted. The acquisition of communication 
skills, both oral and written, is also highlighted as an important aspect 
of an engineer's training. 
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Broadly similar conclusions were reached by both Lighthill (1979) 
and the Grant committee set up by the Institute of Mechanical Engineers 
(Grant, 1985). 
Powerful computers now enable increasingly complex engineering 
problems to be tackled. McQuade (1985) suggests that future engineers 
will require more not less mathematics and that students must be given a 
sounder grasp of mathematical concepts in order to utilise the new 
technology. He identifies probability theory, discrete variable systems 
and operational research as areas which will assume greater importance in 
the mathematics curriculum. At a seminar held by the European Society 
for Engineering Education (1985), discrete mathematics and probability 
were again noted as topics which should be included to take account of the 
significant input computers have made on engineering. 
The first widely available computer algebra system, MACSYMA, was 
introduced in the USA in the 1960s. Since then it has been used to 
explore problems in fields as diverse as plasma physics, fluid mechanics 
and decision analysis in clinical medicine. MACSYMA, and other computer 
algebras such as REDUCE, MUMATH and DERIVE, which have been developed 
since, are large interactive computer software systems designed to assist 
scientists, engineers and mathematicians to solve mathematical problems. 
Since they can manipulate symbols rather than just numbers, they can 
perform complex mathematical operations analytically. Using exact 
ari thmetic, the results are produced to any required precision. Until 
recently, computer algebra systems have been 'unfriendly' and 
difficul t-to-use programs, requiring very expensive processors. In the 
near future, however, user-friendly multiple-representation systems 
incorporating numerical, graphical and symbolic facilities will be used 
routinely in industry and commerce. 
The implications for mathematics teaching at tertiary level are 
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enormous. Much of the current mathematics syllabus for service courses, 
with its emphasis on skills and techniques, will be of little use to the 
student in the workplace. 
At present, the emphasis of many courses is on the development of 
competence in algebraic manipulation and the application of routine 
techniques and algorithms, most of which can readily be implemented as 
computer programs. For example, the solution of a linear progranuning 
problem with three or more variables, by the Simplex method, involves 
difficult and tedious matrix calculations which can now be carried out by 
a computer program. To tackle real problems, however, it is important 
for the user to acquire skills of formulating a problem in mathematical 
terms I interpreting the solution and analysing its sensiti vi ty, all of 
which require a good understanding of the underlying concepts of the 
topic. Previously, undergraduate courses have concentrated on teaching 
the difficult computation, which had to be done by hand, leaving 
insufficient time to practise the wider problem-solving skills. 
The ideas expressed in this section were reinforced by discussion 
groups at ICME6 in Budapest (1988). The consensus of opinion there was 
that routine application of techniques had been devalued whilst activities 
such as investigations and modelling were becoming revalued upwards. 
1.2 Computer-assisted Learning in Mathematics 
The computer can play an important role in fostering 
investigatory, problem-solving and communication skills but it has not 
always been used effectively. In their early days, computers enabled 
students to solve problems in areas which were too impractical otherwise 
and had thus not previously been tackled. Programs could be written, in 
a high level language such as Fortran, to perform numerical and 
statistical algorithms. writing computer programs is difficult and 
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time-consuming but, at that time (pre-1975), there was no alternative as 
there were few prepared software packages available for teaching purposes. 
other early ventures into educational computing involved instructional 
systems designed to allow the student to learn at his or her own pace. 
with the advent of the microcomputer, more software became 
available to assist the teaching of mathematics. For many years, 
however, the teaching approach and objectives of both the programs and the 
users remained the same as in pre-computer days. Most computer-assisted 
learning was limited to teaching the same things in much the same way but 
with the benefit of a computer to reduce the tedious arithmetic or control 
the pace of presentation of material. Whilst self-paced learning and the 
elimination of numerical drudgery are important features of computer use, 
it has many other potential advantages. In particular, the computer 
offers opportunities which did not exist previously for investigative 
work, realistic problem-solving and the use of graphics. 
As interest in the use of microcomputers in schools and higher 
educational establishments has spread, new approaches to teaching and 
learning have begun to emerge. The Computer-Aided Teaching of Applied 
Mathematics project at Cambridge University (Harding, 1974) and, more 
recently, the Mathematics Department at Birmingham uni versi ty (Beilby, 
1987), both aim to develop an investigative approach towards problem 
sol ving . A supportive software environment enables students to write 
some of their own programs thus acquiring a deeper understanding of the 
mathematics of the problem. Within the school sector, several 
researchers have used the programming tool LOGO to develop mathematical 
problem-sol ving skills, encourage creative acti vi ties, and foster 
co-operati ve work and discussion (Pearson, 1986: Hoyles and sutherland, 
1987). With the aid of a package developed by Tall (1986), numerical and 
graphical methods can be used to introduce the fundamental concepts of 
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calculus in a more meaningful way than the traditional symbolic approach. 
There have been a number of studies describing mathematical 
packages and reporting on their use in the classroom or college 
environment (for example, Bajpai et al., 1984: Jacques and Judd, 1985) and 
some researchers have compared the effectiveness of a computer-aided 
learning (CAL) approach to traditional teaching methods (for example, 
Beevers, 1986 and 1988: Katsifli, 1986). There are, however, few 
published evaluations of changes in the nature of the learning which may 
take place when CAL is introduced. One study of mathematics learning in 
school pupils (Fraser, 1987), which did examine this aspect found that the 
use of computer packages encouraged problem-solving activities, 
investigations and better communication in the classroom. Improvements 
in mathematical discussion were also reported in a study involving the use 
of LOGO in schools (Hoyles and Sutherland, 1987) in which a pupil-centred, 
investigative approach was implicit. Although these studies demonstrate 
the wider potential of computers, the experimental nature of the research 
hinders its immediate acceptance by the tertiary sector. Long-lasting 
changes in higher education evolve as a result of gradual acceptance by 
lecturers, students and employers of the educational advantages of a new 
approach. 
1.3 Development of Computer-assisted Learning of Mathematics at 
Napier 
At Napier Polytechnic, Edinburgh, the Mathematics Department has 
been involved in the use of computers in teaching for many years (Leach, 
1974). At first, teletype terminals to mainframe computers were used, 
but these were slow and unreliable. wi th the advent of microcomputers, 
members of staff believed that improved methods of using computers to 
enhance the learning of mathematics were possible. It was felt that an 
approach requiring students to write their own programs was not 
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appropriate for the majority of the science and engineering courses being 
taught at Napier. Some microcomputer-based software was developed and a 
departmental laboratory was established. Awareness and interest in the 
potential of computers to enhance mathematical education grew steadily. 
More computers were purchased, more software was written or acquired, and 
more members of staff began to use packages with their classes. Much of 
the software has been developed within the department in response to needs 
identified by lecturers and has been designed in close consultation with 
them. The use of computer packages at Napier is integrated into the 
curriculum to illustrate, explore or extend a topic when it arises. 
Frequency of use of the laboratory varies widely depending on class size, 
availability of software and the suitability of the topics being stUdied. 
A few classes have weekly laboratory sessions, comprising perhaps 
one-quarter of their total mathematics time, whilst others use computers 
only to carry out an investigative assignment as part of their 
coursework. 
1.4 Aims and Scope of the Research 
For this project, two comprehensive computer-based mathematics 
learning packages were developed, tested and evaluated. The impact on 
the mathematics curriculum resulting from the use of the packages was 
investigated with a view to recording changes in the learning experiences 
of the students. The feasibility of transferring the packages developed 
to other establishments of higher education was also examined. 
The packages share a common core of objectives, namely, to 
encourage investigative work, to facilitate problem-solving and to enhance 
stUdent understanding of certain algorithms and methods. Unlike most 
other programs available for use in mathematics, the design of the 
software was determined by these basic objectives. The packages which 
-6-
were developed are: 
LINPROG: This is a linear programming package with optional step by step 
progression through the Simplex method. The program features 
easy input of the data and menu-driven facilities that enable 
the original problem to be modified thus facilitating 
post-optimal analysis and the solution of integer progranuning 
problems by the branch and bound method. 
NODES: This menu-driven package solves single or systems of ordinary, 
initial value differential equations numerically. Emphasis has 
been placed on graphical output and flexibility which allows 
problem parameters to be easily changed and the resultant effect 
on the solution observed. It is suitable for investigating 
both numerical methods and mathematical models. 
Both packages are used in conjunction with appropriate worksheets, 
designed to encourage an investigative approach. 
During the formative evaluation phase, modifications and 
improvements were incorporated and both packages were then marketed . 
Following this, a summati ve evaluation of the materials developed and 
their impact on the mathematics curriculum was carried out. In 
particular, changes in teaching approaches, learning outcomes, methods of 
assessment and in student attitudes towards mathematics were studied 
through observation, questionnaires and interviews. 
Initially, two classes in which the use of computers was 
extensively integrated into the mathematics curriculum were selected for 
close monitoring. Questionnaires, supplemented by interviews with 
individual students, were used to gather evaluative data from the students 
in these classes. As the project progressed it became apparent that the 
use of computers in teaching at Napier was steadily growing, and more 
classes were using the laboratories for investigative work. Students 
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from several other classes, who were using the NODES or the LINPROG 
package, were surveyed also. Additional data were gathered from 
lecturers in the Mathematics Department over a four-year period. 
The study identifies a trend towards more investigative work and 
more testing and analysis of models when computer packages are used. Less 
time was spent practising routine manipulative skills and methods 
involving tedious arithmetic. Graphical output was used extensively to 
investigate the behaviour of functions, numerical methods and models. It 
was concluded that this work can lead to greater student understanding of 
the topic being studied. student attitudes towards t he use of comput ers 
as an aid to learning mathematics were found to be generally positive . 
Most of the students regard it as a useful and relevant aspect of the 
curriculum. A considerable number show enthusiasm for experimental and 
investigative work. Other learning outcomes deduced from the evaluation 
include a more student-centred approach to learning, i mproved 
communication skills and, in certain areas of mathematics, a better 
understanding of some mathematical concepts and algorithms. It is 
evident that a computer-based, investigative approach towards learning 
fosters the development of higher cognitive skills, t hus leading t o a 
higher quality of learning. 
Recent and future developments, including implications of the 
introduction of computer algebra systems, are discussed. The 
desirability of regular laboratory work being included in the curri culum 
of all mathematics courses is noted. 
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CHAPTER 2 
Learning Mathematics with computers 
2.1 The Role of Computers 
The mathematical qualities required by future engineering, science 
and business graduates include the ability to think creatively, to apply 
their mathematical knowledge to unfamiliar problems and to communicate 
competently. The achievement of these aims will have important 
implications for the mathematics curriculum. 
In 1977, Richard Hooper prophesied that computers would play an 
important role in education because of their inherent versatility. Unlike 
some previous educational innovations, the computer is not bound to any 
particular learning theory and so its survival does not depend on the 
prevailing ideology. A DES report (Ball et al., 1987) asserts that 
computers are: 
" ... of particular significance for the teaching of mathematics, 
and have profound implications, both for the styles in which 
mathematics can be learned, and also for the content of the 
mathematics curriculum." 
Thus, not only have microcomputers been the main influence behind 
calls for changes and improvements to the mathematics curriculum, they can 
also playa significant role in those changes. It is now widely accepted 
that, before embarking on a new teaching programme, it is necessary to 
consider the learning objectives. Unless such objectives are 
enumerated, the learning cannot properly be evaluated. This need not 
preclude the inclusion of additional objectives during the course of the 
teaching in response to observed outcomes. 
Bloom's taxonomy (1956) classified educational objectives in the 
cognitive domain in ascending order of understanding as follows: 
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(i) knowledge 
(ii) comprehension 
(iii) application 
(iv) analysis 
(V) synthesis 
(vi) evaluation. 
Knowledge, comprehension and application imply the ability to 
learn techniques and apply them both routinely and to particular problems. 
Analysis involves identifying the different features affecting a solution 
and exploring the relationship between them. Synthesis is a creative 
activity in which relationships are developed. This is the level of 
understanding required to explain a concept to other people. The highest 
level is that of evaluation, where one gives judgement about the value of 
a method or solution. 
The classification of affective objectives ranges from a basic 
level of awareness or willingness to learn at the lowest level through 
stages of increasing control over one's behaviour. Bloom's taxonomy has 
been criticised for suggesting that objectives in the cognitive and 
affective domains can be considered separately (Rowntree, 1982). Rowntree 
also considers that there is too much overlap between the cognitive levels 
specified. He proposes three broad objective domains for school 
education, namely, lifeskills, methodological and content which cut across 
the boundaries of the cognitive, affective and psychomotor spheres. At 
tertiary level, 
affective skills. 
educators are concerned mainly with cognitive and 
Bloom does recognise a close relationship between 
development in these two domains. His taxonomy relates closely to the 
objectives of mathematical teaching as outlined in the Cockcroft report 
(1982) and remains a useful guide towards curriculum development in 
higher education. 
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Recent reports on mathematics teaching in schools stress the need 
to develop flexible problem solving skills and the ability to communicate 
difficult concepts (Ball et al., 1987). The role of mathematics as a 
powerful and concise means of communication is cited by Cockcroft (1982). 
He also reports that evidence from professional bodies stressed the 
importance of being able to apply skills confidently in different ways and 
to think more deeply and critically. 
opportunities for discussion between teacher and students, and 
between students themselves, problem solving and investigational work are 
all listed by Cockcroft as teaching approaches which should be included in 
mathematics teaching at all levels. Problem-solving, investigative 
activities and effective communication quite clearly utilise cognitive 
skills at the upper end of Bloom's taxonomy. These are the pursuits 
which require the greatest depth of understanding of the mathematical 
concepts inVOlved. 
Skemp (1971, 1986) distinguishes between 'instrumental' 
understanding, the use of rules without knowing why, and ' relational' 
understanding in which new concepts are related to previous knowledge. He 
also introduces the idea of a 'schema' as a conceptual structure. Because 
of the hierarchical nature of mathematics, new learning must build on 
previous understanding. Real (i.e. relational) understanding results 
from assimilating new concepts into an appropriate schema. The process 
of assimilation involves a progression from generalising to abstraction, 
i . e. an awareness that the rule applies to a number of other structures 
(Plumpton, 1972). The great power of mathematics lies in its generality 
and abstraction. At the intuitive level of understanding, we do not 
reflect on the mental activities involved in a process, for example, when 
calculating 3 + 4. This is similar to the lowest levels of Bloom's 
taxonomy. Reflective thinking involves searching for the reasons why one 
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does something. It is reflective activity that leads to generalisation 
and abstraction and, hence, relational understanding. Mason (1985) 
suggests that, if reflective thinking is followed by trying to explain the 
concept to another person, the understanding is further enhanced. This 
aspect can be exploited by including opportunities for small group 
activity in the teaching programme. 
The distinction made by Cawley (1988) between holistic, or deep 
learning and surface learning relates to Skemp' s two modes of 
understanding. Holistic learning, when the student thinks deeply about 
what is being studied and tries to relate it to previous learning leads to 
relational understanding. Surface learning restricts learning to 
memorising facts and methods and results only in instrumental 
understanding. Whilst there may be little difference in the short term 
between the performance of students who adopt deep and surface approaches, 
both long term retention and the comprehension of students using the deep 
approach is far superior (Saljo, 1975). Cawley concludes that 
open-ended investigative work, together with appropriate assessment, is 
crucial in encouraging deep learning. 
Other authors support the use of open-ended investigations 
(Baron, 1972, Clements, 1984, and Grant, 1985). Baron asserts that 
such acti vi ty fosters creative thinking by promoting an environment in 
which making mistakes is accepted. The process of mathematical modelling 
is also an activity which encourages creative thinking due, mainly, to the 
open-ended nature of the problems encountered (Bajpai, 1975 and 1976, 
Lighthill, 1979, and Clements, 1984). In real life, problems are seldom 
precise or have a unique mathematical formulation or solution. By 
exposing undergraduate engineers to such problems they can develop the 
creative skills needed to find acceptable solutions (James, D.J.G., 1985). 
The process of modelling, normally a group activity, also stimUlates the 
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important skills of communication and critical judgement. 
Very few realistic problems can be solved analytically without 
making many assumptions which greatly simplify the problem. A computer 
can be a valuable tool for modelling and investigational work. By using 
numerical methods, the realisation of a mathematical model can be 
implemented as a computer program. The ease with which a computer model 
can be tested, modified and re-tested greatly enhances the whole modelling 
process. Results displayed graphically give students qualitative 
information about a model and its behaviour. The student's time and 
energies can thus be directed towards the higher level tasks of 
formulating the model and analysing the significance of the results. A 
feature of any dialogue between computer and user is the impersonal nature 
of the computer so that the stUdent is not embarrassed by his mistakes or 
when he repeats an action several times. consequently, some stUdents are 
more likely to persist in attempts to find a solution. other students, 
particularly the weaker ones, may be deterred by this anonymity. The 
option to work in pairs or small groups can help to overcome this attitude 
whilst providing valuable opportunities for discussion. With a computer 
at his disposal, therefore, a stUdent has a flexible piece of 'apparatus' 
wi th which he can conduct 'experiments' in mathematics. students can 
also use computers to investigate simUlations of theoretical models. 
The ability to tackle realistic problems is an important 
moti vational factor for engineers (Bajpai, 1976, and Cawley, 1988) and 
other non-specialist mathematicians (Gudgin, 1987). Problems which have 
no analytical solution or are too difficult to tackle analytically can 
frequently be solved using numerical techniques. Computer packages give 
the user access to numerical methods and thus facilitate problem solving. 
Further, the integration of numerical and analytical techniques can 
provide insight into the nature of a problem and hence improve 
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understanding (Harding, 1976, Bajpai, 1975 and Rowe, 1985). 
An advantage of the computational power of a computer is that it 
allows a large number of cases (or events) to be investigated very 
quickly. It can thus be used to illustrate or reveal relationships and 
generalisations. Such illustrations are invariably enhanced, where 
applicable, by graphical representation or dynamic display. Several 
authors have suggested that visual manipulation enhances the student's 
understanding of the underlying concepts (for example, Mills and Tall 
(1988), Driver and Scanlon (1988)). An appropriate computer program can 
direct the user's thinking towards specific mathematical concepts and lead 
to a restructuring of the student's knowledge (Tawney, 1979) and, hence, 
assimilation of the new theory into an existing schema. The nature of 
such conceptual changes in school pupils is one of the topic domains 
currently being studied by Driver and Scanlon. 
As previously noted, it is not sufficient to concentrate only on 
cognitive skills which are desirable in the mathematics curriculum. In 
order to produce mature, highly motivated graduates who are mathematically 
confident, it is necessary to consider educational objectives in the 
affective domain also. A positive attitude towards mathematics, critical 
self-awareness and acumen and mathematical confidence could be considered 
affective objectives. Attitudinal development should include the desire 
for deeper understanding and the enjoyment of investigative and creative 
activities. 
Several studies have shown that computer-aided learning (CAL) is a 
powerful motivating factor for students of many disciplines, for example, 
in mathematics (Harding, 1976), in economics (Gudgin, 1987), in operations 
research (Erikson and Turban, 1985) and in English (Johnston, 1985). The 
freedom to experiment and the flexibility of the response are two of the 
ways in which computers encourage a student's self-determination (O'Shea 
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and Self, 1983). They allow information in various forms to be stored, 
manipulated and readily presented to the user. Students are also 
motivated to assume greater responsibility for their own learning because 
CAL allows them to learn whenever and whatever they wish. Whether the 
computer is being used in laboratory mode or for CAL, the student can work 
at his or her own pace. 
Learning is more likely to take place when students are interested 
and involved in what they are doing. Computers help in the learning 
process when they arouse the user's curiosity, interest and involvement 
(Ball, 1987). Recent learning theories (Bruner, 1966 and Pask, 1976) 
stress that learning is most effective as an active process. such 
learning means more than just 'learning by doing', Rather than being a 
passive recipient of knowledge, the student must actively participate in 
the learning by discussion, written work or other means. Most computer 
programs require the user to participate to some degree although, in some 
cases, it may be little more than a "press space bar to continue" 
response. Genuine active learning can be stimulated by software which 
engages the user in dialogue that compels him to think about what is 
happening, allows the user to control his path through the program or to 
make decisions. Some programs allow users both to pose and solve their 
own problems (for example, function graph plotters). This flexible 
response to inputs is an important aspect of a computer's role. 
This section has described many of the ways in which computers can 
help to make mathematical learning more effective and more appropriate to 
the needs of industry and commerce. These can be summarised as follows: 
- it is an aid to problem solving 
- it encourages investigations 
- it facilitates simulations of models of physical systems 
- it can display information graphically in a variety of ways. 
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Visualisation is a powerful aid to understanding. 
- it provides a flexible response to students' inputs 
- it promotes active student learning. 
Past and current developments in computer-aided learning in 
mathematics have exploited these capabilities in various ways and with 
varying degrees of success. These will now be considered. 
2.2 The Development of Computer-assisted Learning in Mathematics 
In the early days of computers in education (pre-1975) I very 
little educational software was available. students had to learn a 
programming language such as Fortran and implement their own programs. 
Many statistical and numerical methods and algorithms involving tedious or 
complex ad thmetic can be programmed relatively easily I thus enabling 
students to tackle problems which are impractical otherwise. Programming, 
however, is a very time-consuming activity. The pernickety nature of the 
preVailing compilers was a source of frustration, compounded by the 
slowness and unreliability of the mainframe computers and teletype 
terminals in use at the time. with obstacles such as these to overcome, 
there was a very real danger in seeing the program as an end in itself, 
rather than as a tool to be used to further the student's understanding of 
the topic being stUdied. Not surprisingly, these early ventures into 
computing were centred mainly on the universities, such as Cambridge, 
where their Atlas computer provided one of the first ever multi-access 
systems. At less fortunate institutions the students were hindered by 
batch-processing systems which must have dismayed all but the most 
persistent students! 
Meanwhile, new developments were taking place, mainly in the USA, 
in the field of computer-assisted instruction (CAI), a successor to 
programmed learning. Tawney (1979) likens CAI to a dialogue between 
computer and stUdent in which the computer questions, gives results, 
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offers help, draws attention to particular features, etc., whilst the 
student responds, selects options, enters data and requests particular 
solutions. Proponents of CAl claim that it can individualise instruction 
and reduce labour costs. Tawney suggests that many tutorial systems are 
more concerned with efficiency of instruction than the quality of 
learning. Many teachers dislike the inflexibility of tutorial programs, 
and the fact that the approach has been predetermined by the author. 
Another major drawback is the initial high cost of producing the 
material. 
Although some early CAI projects, for example, PLATO and TICCIT 
(Alderman, 1978, and Brerland, Amarel and Swinton, 1974), claimed 
potential educational benefits, there has been no widespread adoption of 
the systems by other institutions. 
An effective way of reducing development costs is to use an 
authoring language to program the CAr units. One set of teaching units 
programmed in this way is the MALT system (Hunter, Rosenberg and Webber, 
1985) which began development at the University of Glasgow under the 
National Development Programme in the 1970s. The authors stress that by 
far the most time-consuming stage of development is planning and 
structuring the educational content and presentation of each topic. The 
MALT interactive 'tutorial mode' teaching units and 'progress tests' are 
available for topics in 'A' level and first year undergraduate (Scottish) 
Mathematics, Statistics and Physics. The CAI units do not replace the 
normal lectures. They are intended to supplement the lecture material 
and broaden the student's experience. The advantage of such a system is 
that it encourages students to take responsibility for their own learning 
in terms of both content and pace. 
A more recent development is the microcomputer-based CALM project 
(Computer Aided Learning of Mathematics) at Heriot-watt University, 
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although their software has been written in PASCAL to aid portability 
(Beevers, 1986 and 1988). The CALM units have been developed to assist 
the teaching of calculus to large classes of first year Engineering and 
science undergraduates by replacing conventional tutorials with the 
computer-based system. A feature of the software is the effective way in 
which it exploits the graphical capabilities of the microcomputer to 
produce visually stimulating materials. Evaluation has shown that the 
students like the self-paced nature of the computer-based tutorials and 
that the weekly self-assessment built into the units is a powerful 
motivating factor. 
Beevers reports a comparison of examination results at the 
end of first year between the computer group (49 Mechanical Engineers) and 
a group of 37 civil Engineers matched for mathematics entry 
qualifications. In the calculus paper the overall average mark obtained 
is higher for the computer group, although the average of the algebra 
paper is lower by a similar amount. However, the superior marks are most 
pronounced for students who gained a Higher grade 'A' pass in Mathematics 
(23.4% higher), less striking for the largest group with a grade 'B' pass 
(10.2%) and, for 'C' pass students, the average mark of the computer group 
is actually 8.1% lower. It would appear, therefore, that the impersonal 
rigidly structured approach of the computer-based tutorials is more suited 
to high abil i ty students, and that the very students who most need he lp 
receive least benefit. It seems likely that the computer tutorials give 
valuable reinforcement and practice to able students who readily 
assimilate new concepts, but fail to assist the understanding of the less 
able students. 
Alive tutorial is effective because the teacher has wi thin him 
not only the knowledge of the subject matter but also of the learner or 
learners (Hooper, 1976). O'Shea and Self (1983) argue that, for CAI 
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systems to be effective, they must incorporate artificial intelligence 
techniques to develop an understanding of the student's needs, thus 
treating the student as a thinking individual. The student model 
contained wi thin the program should be adaptive, i. e . as the student 
learns, the model is modified so as to represent the current state of the 
student's knowledge. The program could then predict the student's future 
needs. Only then would learning become truly personalised. 
Hartley (1987), too, stresses that future developments must be 
linked to the methodologies of cogni ti ve science and artif idal 
intelligence. He describes an on-line knowledge-based help system which 
works in conjunction with an application program to help develop a 
student's planning, investigative and problem-solving skills. The 
program contains an adaptive model of the student's knowledge, performance 
and mistakes, and gives advice accordingly. 
The potential to develop CAL systems of this nature is limited by 
the sophistication of the programming languages used. Rushby (1986) 
argues that the authoring languages currently available have proved 
themselves inadequate as the developers of the majority of applications 
have reverted to general purpose languages for some sections of the 
software. 
until intelligent, adaptive computer systems are developed which 
do contain models of the knowledge outlined above, computer-aided 
tutorials cannot successfully replace the teacher. Production of such 
knowledge structures is costly and time-consuming I and progress to date 
has been slow. 
2.3 The Computer as a Tool 
The advantage of a human tutor over the computer is his ability to 
make decisions and adapt his teaching method and pace to suit the learner. 
The strength of the computer lies in its computational power, its graphics 
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and its interacti vi ty. 
therefore complementary. 
The functions of the computer and teacher are 
When used as a tool, the computer does not contain any 
representation of the learner's knowledge. In this mode, the computer is 
primarily a computational aid, whether the user writes his own programs or 
uses prepared software. As computers have become cheaper, more reliable 
and available to larger numbers of students, more attention has been paid 
to developing software to assist the teaching of mathematics. For many 
years most of the software produced was badly written and difficult to 
use. With a lack of suitable support material, the use of such software 
is often limited and unimaginative. 
The CALNAPS software, (Katsifli, 1986), written in FORTRAN for 
large mainframe computers, is designed to support the teaching of 
numerical analysis to undergraduates. In one of the few reported studies 
at higher education level of the effect on a student's learning of using 
computer packages, Katsifli found that the use of CALNAPS stimulated 
discussion between students and lecturer, and that the questions asked 
reflected more involvement with mathematical concepts than those asked by 
students using traditional methods. She concludes that the CALNAPS group 
achieved a deeper understanding of the numerical methods being studied. 
The number of students involved in the study is not given. Users of 
CALNAPS suffer from the usual drawbacks of mainframe computing, namely, a 
lack of colour to illustrate the output, uncertain response times, remote 
printing facilities and difficulty in trapping real time errors. Although 
the graphics are good, the method of inputting a function is cumbersome as 
FORTRAN is not usually an interpretative language. The screen output is 
verbose in order to assist first time users but, as a consequence, is 
irritating to the more experienced ones. 
A dedicated mathematics microcomputer laboratory was introduced at 
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Paisley College of Technology in 1982 for first year students of the 
Mathematical Sciences degree course (Glen and Walker, 1985). During a 
weekly session in the laboratory the students work in small groups using 
prepared software to solve problems and experiment with the mathematical 
concepts and techniques of the course. unreliability of the hardware 
proved to be a problem initially, but useful experience was gained and use 
of the laboratory has had a positive influence on the attitudes of both 
staff and students (SED, 1986). 
One of several microcomputer-based packages available to support 
the teaching of mathematics is a suite of programs developed by Jacques 
and Judd (1 985). Although intended to help students test t he robustness 
and convergence of numerical methods, the lack of flexibility in t he 
overall approach inhibits experimentation. After the initial selection 
of method, the order of progress through a program is usually fixed. The 
graphical output is limited and appears to have been added as an 
afterthought, rather than as an integral feature of the package which 
would enhance t he student's understanding of the solution. For example, 
t wo solutions cannot be compared graphically on the screen. A more 
flexibl e program design is required to encourage an investigative approach 
by t he students. 
Inflexibility is also a drawback of the MIME software units, 
developed at Loughborough University of Technology for use in the teaching 
of mechanics and statistics to the 16-plus age group (Bajpai et al., 
1987). Although robust and visually interesting, the programs are 
tutorial in nature and, thus, limit the user's control of the learning 
process. The units are difficult to use without frequently referring to 
the user documentation. Many of the topics are presented as animated 
sequences, which, though perhaps considered necessary to interest school 
pupils, are gimmicky and, at times, irritating. 
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A separate project concerned with software for undergraduate 
mathematics also adopts a highly graphical approach but with fewer 
gimmicks. The first unit to be completed, which deals with complex 
transformations, is a useful package but, again, is not easy to use 
wi thout frequent reference to the user guide to identify the required 
input commands. 
A set of simulation programs developed at the University of 
Sheffield to aid the teaching of mechanics at A-level (MAP, 1987) avoids 
the inflexibility of the MIME units whilst retaining an interesting 
presentation. The programs are designed to allow the teacher to fit them 
to his own teaching style, although the accompanying booklet does offer 
suggestions for their use and for investigational activities. Animation is 
used simply but effectively to illustrate, for example, the path of a 
projectile or the motion of a rotating body, but the user is actively 
invol ved at all times both in supplying input data and choosing between 
different forms of output. A good screen layout includes the animated 
display, graphical and numerical output and brief operational 
instructions. No user guide is required. In addition to simulation of 
general topics in mechanics, the package contains some more specific 
problems chosen to interest the user and to encourage himjher to apply 
hisjher knowledge to everyday situations. 
The quality of the software used can be crucial to the success of 
a project (Johnston, 1987). If a program fails to exploit the hardware 
or to motivate the students sufficiently, then its full educational 
potential will not be realised. It has been argued that developers 
should adopt a more consistent approach to screen layout, data input and 
the user interface (Bajpai et al., 1985). In particular, it is 
suggested that software must be interesting, robust, interactive and 
user-friendly. Of greater importance, however, is the way in which 
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a program is used. When computers assist in changing what is being taught 
or how mathematics is being learned, then their impact is more 
fundamental. 
2.4 New Teaching Approaches 
Various specialist programs such as MINITAB and INS TAT have 
undoubtedly changed the face of statistics teaching in many higher 
education institutions within the past decade. In the Mathematics 
Department of Napier Polytechnic, all statistics learning is now aided by 
computer packages, supported by a comprehensive set of worksheet and 
handbook materials. considerable emphasis is placed on an exploratory 
approach and more time is devoted to analysis and interpretation of 
results. 
stern (1987) argues that one of the main benefits of using 
computers in statistics is to enable the inclusion of topics that 
previously could not be taught or were under-emphasised. He cites 
experimental design and survey methods as examples. Large, realistic 
data sets can be used to gi ve students experience of handling 
and presenting such data. 
Programs used as computational tools focus the user's attention on 
to the output and thus encourage students to investigate the effect of 
Changing initial values etc. However, a programming microworld such as 
LOGO provides a framework for exploring mathematical concepts (Hoyles, 
1987). During a three-year longitudinal study of secondary school children 
using LOGO within the mathematics classroom (Hoyles and Sutherland, 1987), 
detailed data were collected from eight pupilS. The children, working in 
pairs, were encouraged to experiment freely and to set their own goals. 
Further data were gathered from ten other classrooms into which the 
project was later extended. The findings suggest that a move towards a 
more pupil-centred approach, which was implicit in the project, encourages 
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pupil initiative and stimulates collaboration and mathematical discussion 
between pupils. In addition to fulfilling an organisational role, it is 
important for the teacher to encourage the pupils to reflect on what is 
happening and to present new problems. presenting the pupil with a 
carefully chosen investigation can direct the pupil's thinking towards 
particular concepts. The process of experimentation and of switching 
between graphical and symbolic representations helps to formalise the 
pupil's intuitive conceptions. 
A similar pupil-centred approach has been followed by Pearson 
(1986) using LOGO in the mathematics classroom with 11- to 12-year-old 
children. As the pupils gradually adjusted to setting their own goals, 
she found that the pupil/teacher relationship changed. Instead of the 
teacher interrogating the pupils to test their knowledge, a conversation 
developed with each side genuinely asking the other for information, but 
also realising that there was not necessarily a unique, 'correct' answer 
to the question. 
A LOGO or MINITAB environment represents a move away from the use 
of computers to reinforce existing teaching methods and curricula towards 
a more learner-oriented, investigative approach to mathematics. with the 
advent of cheap microcomputers, it has become possible to develop this new 
approach to learning with a wider range of applications. 
A course in mathematical modelling, facilitated by a systems 
simulation package, is described by Clements (1986). This enables 
engineering stUdents to model continuous systems which they are unable to 
sol ve analytically. A series of practical investigations assists the 
development of the skills necessary to tackle real-life problems. The 
integration of numerical and analytical techniques is seen by Clements as 
an important aspect of the course. Al though familiar to engineering 
students, the block-oriented input required by the programs may not appeal 
-24-
to other users. 
An investigation of a more meaningful way to introduce the 
calculus to school pupils resulted in the development of the Graphics 
Calculus I package (Tall 1986). A traditional symbolic approach 
emphasises the manipulative techniques used to obtain derivatives, 
integrals, etc. The computer program incorporates imaginative 
interactive graphics techniques which allow calculus to be introduced from 
an integrated numerical and graphical approach. Fundamental mathematical 
concepts, such as limiting processes and rates of change, can be explored 
dynamically, encouraging deeper understanding by the pupils. Tall (1987) 
believes that appropriate computer packages are useful both when 
introducing new mathematical concepts to pupils and for extended 
investigations. He suggests that simple programming also has a part to 
play, however, "in helping pupils to gain insight into the nature of 
mathematical algorithms", a role also advocated by Francis (1988). 
Programming promotes individual initiative, and pupils derive considerable 
satisfaction from solving the problems posed, but it is costly in terms of 
time and effort. 
Harding (1984) claims that the close involvement which a student 
develops when writing and de-bugging a computer program to solve a 
mathematical problem can lead to a deeper understanding of the problem. 
This view led the developers of the CATAM (computer-aided Teaching of 
Applied Mathematics) project at the Uni versi ty of Cambridge (Harding, 
1974) to make students write their own programs but, in order to direct 
their energies towards investigating the mathematics of a problem rather 
than programming as an end in itself, a support! ve software environment 
has been developed. This takes the form of a library of graphical and 
numerical routines which the student can incorporate into his program. 
Harding points out that continuous formative evaluation of a 
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project such as CATAM is necessary for it to achieve a cost-effective 
improvement in the student's learning. In the twenty years of its 
existence, CATAM has adapted and matured, in the light of changing 
availability of hardware, the needs of the students and the experience of 
the project staff. The fundamental aim of the courses, however, is still 
to develop an investigative approach to solving a wide range of problems 
numerically. A survey (Harding, 1976) indicated that the students 
appreciated the relevance of the course to real problems and the insight 
computer-generated graphical solutions gave to theoretical results. 
A philosophy similar to CATAM has been adopted at the University 
of Birmingham where all first year mathematics undergraduates follow an 
introductory course of computer-based investigations (Beilby, 1987). 
During laboratory sessions the stUdents use some prepared programs, 
usually of the demonstration type, but they gradually learn to write and 
modify their own programs, supported by a library of procedures and 
program constructions similar to that used by DAMTP at Cambridge. The 
computer investigations fulfil a dual role of reinforcing lecture material 
and introducing students to a wider base of mathematics than had 
previously been covered in first year. 
student response to the course is varied as a significant 
proportion of the students are attracted only by the mathematics and have 
no enthusiasm for computing. There is evidence that many students do 
enjoy the course and show a willingness to experiment. staff-student 
relationships have improved through contact in the laboratory. In 
general, the stUdents show a preference for writing their own programs 
rather than using prepared software, the former apparently allowing them 
to explore the mathematics in their own terms. 
It is interesting to note that, both at Birmingham and at 
Cambridge, it was found that over 90% of the students entering the 
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mathematics course at uni versi ty had experience of using computers in 
schools. A considerable number, in fact, owned a computer. The 
situation regarding entrants to science and engineering disciplines may be 
different. At Napier Polytechnic, an average of only 50% of all students 
entering degree courses in science and engineering have had previous 
experience of computing (1987 survey). 
2.5 Evaluation studies 
The shortage of published evaluations of computer-aided learning 
has been criticised by several authors (Johnston, 1987, Ridgeway, 1986, 
Roblyer, 1985, Harding, 1976). 
the tertiary education sector. 
This lack is particularly noticeable in 
Those which have been reported tend to 
concentrate on a description of the software, the way in which it has been 
used and how the class was organised rather than an analysis of the 
learning experiences taking place or the impact on the curriculum. 
Hartley and Bostram (1982) examine teachers' attitudes to 
computer-based teaching packages available at that time. Many programs 
were rejected because they were not considered relevant to the current 
classroom curricula. Quali ties which teachers considered important in 
selecting a program for use in the classroom included: 
(a) ease of use; 
(b) flexibility in mode of use so that a program could be used 
either for a classroom demonstration or by small groups; 
(c) presentation of help information on the screen rather than 
in a separate user guide; 
(d) availability of various degrees of help/prompting to cater 
for a range of level of experience of the user; 
(e) graphical output wherever possible. 
An experiment to compare the effectiveness of CAL software with 
tradi tional methods to teach a topic area in mathematics showed a small 
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but not statisticallY significant difference in favour of the CAL group in 
the post-test results. The authors point out that this result was not 
al together unexpected since the CAL packages used closely followed. the 
established style and content of teaching. Differences could only 
emerge, therefore: 
"not through differing cognitive demands made on the 
groups (confirmed by observation schedules), but through 
the interest and feedback provided by the program, and 
through additional opportunities for the teacher to 
instruct small groups of pupils". 
It may be more effective to approach a topic in a new way in 
order to exploit the potential of the computer, particularly where 
conventional methods are not very successful. 
Fraser (1987) asserts that the computer is a powerful aid to 
better communication in the classroom. The visual images and dynamic 
nature of the material presented by computer encourage the expression of 
ideas. Observation stUdies of 170 mathematics lessons to 13/14-year-old 
pupils found that, when using computer software, children: 
"moved into investigating and problem-solving activities 
more frequently than had been observed in the lessons 
without computer support." 
She suggests that the children were imitating roles normally associated 
with the teacher or computer. 
Software produced by the Shell Centre for Mathematical Education 
for GCSE pupils has been designed to encourage pupils to adopt 'teacher' 
roles of 'explainer', 'manager' and 'task-setter'. The software is 
supported by a comprehensive set of teaching materials including 
worksheets and lesson plans. Fraser deduces that such packages, when 
used as an integral part of the curriculum, promote an environment which 
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encourages discussion, problem-solving and investigations. 
By contrast, Ernest (1988) found no significant gain in 
achievement in an experiment designed to test the effectiveness of a 
microcomputer in teaching problem-solving skills to 13-year-old children. 
The experiment, which was conducted on a class of 21 children, consisted 
of just two and one-half hours of instructional acti vi ty plus two tests 
(pre-test and post-test), spread over a lO-day period. During this time 
the children worked through a sequence of problems, one half of the class 
working at computers in pairs and the others remaining as a group, whilst 
the teacher led a joint exploration of the problem and demonstrated the 
program. Over such a short time-scale it is hardly surprising that 
neither group showed any significant gain in achievement. It could also 
be argued that the written post-test was an inappropriate way to measure 
the students' aChievements. Neither the skills used when solving 
problems with the aid of a computer nor the types of problem tackled are 
necessarily similar to those employed for a written test. 
The results of the experiment reinforce the view that this is not 
an appropriate style of evaluation of the learning experience, since it 
fails to take into account the different type of learning which may take 
place when CAL is used. Qualitative evaluation of CAL, using 
observational techniques and the opinions of the participants obtained by 
interview or questionnaire, produce a more illuminating picture of the 
learning taking place. 
2.6 Summary 
Computer-aided instruction is basically directed towards teaching 
the same material to students but in anew, more user-paced, way. To 
this extent it has achieved some success, particularly where large classes 
are involved. It does little, however, to encourage creative and 
analytical skills which students need to develop to enable them to apply 
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their knowledge confidently to problems of the real world. 
There is evidence that the scope of problem-solving can be greatly 
widened by use of computer packages, and that such packages can also 
stimulate investigative activity. Experience at Cambridge and Birmingham 
suggests that, for mathematically able students at least, programming can 
enhance the effectiveness of investigations in the computer laboratory. 
Other authors believe that programming promotes deeper understanding of 
concepts. Unfortunately, few courses allow sufficient time for such an 
approach to be adopted, even with the back-up of a software library. Many 
of the benefits of programming can still be achieved, however, by careful 
design of prepared software. Flexibility, good graphics, ease of use and 
interacti vi ty are essential. Worksheets used to direct the student 's 
investigations must also be carefully constructed. Finally, any teaching 
approach requiring use of computer packages will be more effective if it 
is an integral part of the curriculum. 
As it seems likely that not only the teaching approach but also 
the curriculum itself changes when computer-aided learning is introduced, 
traditional quantitative evaluation procedures are inappropriate. 
Illuminative techniques, based on observation, interviews and 
questionnaires, will provide a more detailed understanding of the changes 
that take place. 
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CHAPTER 3 
The Learning Environment at Napier Polytechnic 
3.1 Introduction 
Napier polytechnic is located on three main sites. Due to the 
wide diversity of courses serviced, mathematics staff are based at all the 
si tes and teaching takes place at them all. There is a natural divide 
between the Professional Studies Faculty courses and the remaining courses 
which are science- or engineering-based. The nature and teaching 
emphasis of the mathematics for the business studies courses is 
understandably different from that for the more scientific disciplines. 
This study concentrates on the mathematics education of the science and 
engineering students. 
The courses based within the Mathematics Department are a B.Sc. in 
Mathematics with Engineering Technology at honours and ordinary degree 
level and a SCOTVEC Higher Diploma course in Mathematics, Operational 
Research and Statistics. The Department has a major role in the B.Sc. in 
science with Management Studies (honours and ordinary degree) and also 
teaches mathematics and statistics as service subjects to students on a 
wide variety of science and engineering degree and higher diploma courses. 
A typical mathematics service course for an engineering degree 
involves 3-4 hours per week for 2 or 3 years of the course. Fifty per 
cent of the time would be devoted to lectures. The remaining 50% is 
occupied by tutorial sessions during which the students work through 
sheets of exercises and problems, with lecturers on hand to assist when 
necessary. These classes also provide an opportunity for students to seek 
assistance with any topic not understood in class. Class sizes range 
from 10 to 60 for lectures, but the ratio of students to staff is 20 to 1 
or less for tutorials. 
The majority of students at Napier are Scottish and enter the 
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first year of their course directly from school at the age of 17 or 18. 
They will have completed either 5 or 6 years of secondary school education 
leading to scottish certificate of Education examination passes at Higher, 
Ordinary and Standard grade. Those students who stayed at school for 
six years may also have studied one or two subjects to the more advanced 
sixth Year Studies level. 
Scottish 'Highers' are sat at age sixteen/seventeen, a year 
earlier than English A-levels, and the knowledge content is consequently 
less. A Scottish school education is less specialised and pupils study a 
broader range of subjects up to Higher grade. The starting point of 
mathematics teaching in first year higher education courses is about 
halfway through the A-level syllabus. 
A wide variety of teaching resources is available to lecturers 
either from the Department or through the Polytechnic's Learning Resources 
Unit. These include overhead projectors, Keller Plan units, a 
comprehensive set of tutorial sheets, books, video programmes, 
audio-tapes, open-learning packages and computer programs. A central 
computing facility, comprising PRIME computers, has terminal rooms at all 
the main sites. Large commercial software packages such as the NAG 
Library, MINI TAB and ECSL (simulation package) are available on this 
system. 
Careful selection of the most appropriate teaching method is an 
essential prerequisite for effective learning. It is important for the 
lecturer to devote time to selection of the most appropriate teaching 
medium for each part of the course and to the planning of the total 
learning package (Searl, 1985). 
3.2 Early Use of Computers 
Early experience of using computers to teach mathematics at Napier 
polytechnic was gained during the National Development Programme in 
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Computer-assisted Learning (NDPCAL), between 1974 and 1977. 
Implemented in FORTRAN on a multi-access computer, MATLAB 
(mathematical laboratory) was developed as an interactive problem-solving 
tool, which removes the arithmetical drudgery from mathematical, numerical 
and statistical techniques (Leach et al., 1977). Its mathematically-
oriented input language does not dictate any particular teaching style but 
enables lecturers to adapt its use to their own needs. Back-up material 
provides examples of how to use MATLAB. During the 1976-77 session 
MATLAB was used, at Napier, by over 300 students from 16 courses for a 
total of 47 sessions involving 9 members of staff. It was also 
successfully transferred to two other scottish colleges of higher 
education. 
Serious problems with computer reliabilty, both software and 
hardware, hindered expansion of the use of MATLAB at Napier. In 
particular, the CTL modular one computer could only cope adequately when 
dedicated to MATLAB. Any attempt to run a non-FORTRAN program 
simultaneously increased the response time to unacceptable levels. 
Although MATLAB has been super$eded by more user-friendly, 
microcomputer-based software, the project introduced staff at Napier to 
the potential of computers at an early stage. Curriculum innovation is, 
inevitably, a slow process but the enthusiasm of a few lecturers had been 
fired. New ideas for using computers to assist the learning of 
mathematics and new ways of presenting the subject material gradually 
emerged. 
By 1982 the Mathematics Department had acquired several PET and 
APPLE II microcomputers and a few lecturers had begun to use them in the 
classroom. Two members of staff had written some short programs in 
BASIC to illustrate statistical or numerical methods. In September 1982 
I was appointed as a programmer in the Department and began to develop 
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programs on an APPLE microcomputer to the specification of individual 
lecturers. 
Gradually two important methods of using the computer as a tool to 
assist the learning of mathematics evolved (Mackie and Scott, 198~. 
The first of these involves using computer-based demonstrations 
wi thin lectures, and has been successfully introduced over a range of 
courses with a wide variety of topics. A successful demonstration 
requires a microcomputer linked to monitors in such a way that the 
interaction is clearly visible to all. Using this arrangement the 
lecturer can illustrate important concepts, and solve problems in a manner 
which time and conventional facilities would not permit. For example, a 
good graph plotting program is ideal for illustrating the convergence of a 
Fourier series. 
The second method followed naturally from the first, as the 
interest generated by this use of the computer made it evident that 
students would benefit from using the packages themselves. The 
Department considered that this could best be accomplished by acquiring 
appropriate computer equipment and establishing a dedicated mathematical 
sciences laboratory. 
3.3 Mathematics Laboratories 
Having investigated the equipment available, it was decided that 
ACORN BBC microcomputers offered the best value for money at that time. 
The speed, memory, graphics and networking capability of these computers 
would allow a wide range of mathematics software to be implemented in an 
efficient and stimulating manner. 
computers were duly purchased and a mathematical sciences 
laboratory was established at the Merchiston site in september 1984. It 
consisted of 10 BBC microcomputers linked to a file server and a 30 
megabyte Winchester disc by an E-net network. The network also included 
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a line printer and a graph plotter. The machines were arranged round the 
perimeter of the room, facing the wall, due to restrictions of the cabling 
and available power points. However, students could easily turn their 
chairs to face a lecturer at the front if necessary. The room also 
contained a mobile whiteboard, an overhead projector and a cupboard for 
the laboratory worksheets and user guides. 
The first program to be implemented in the laboratory was a graph 
plotting package. Students quickly gained confidence when using this 
program and, being of such a general nature, it proved useful in a wide 
variety of applications. The library of software has gradually been 
extended to include packages covering several numerical methods, t he 
solution of differential equations, graph plotting in 3D, Fourier 
analysis, linear programming, queue simUlation and statistical packages. 
The majority of the software has been developed within the Department. 
A second mathematics laboratory was established at t he 
Craiglockhart site in February 1987 to cope with mUlti-site working and 
increased demand. This facility consists of 12 BBC Masters arranged in 
four rows of three, together with two line printers and a Winchester disc 
linked by an Econet network (Figure 3.1). The following year the 
Merchiston laboratory was moved to an adjacent room, extended to 17 
machines with three line printers and converted to the Econet network 
system. 
One of the priorities in setting up the laboratories was that the 
programs should be easily accessible to staff and students who had no 
previous experience with the system. They should be able to browse 
through the available software and feel free to experiment. Accordingly, 
all the teaChing software is stored on the hard discs and accessed from 
any machine on the network by simple menus (Figure 3.2), introduced in 
June, 1987. The menus can easily be extended or modified as new 
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/HelPI 
GRAPH 
SURF 
MEI 
COMPLEX 
Figure 3.1: Mathematical Sciences Laboratory 
Figure 3.2: Menu of Mathematics Programs 
NODES 
DEPLOT 
TRIG 
FOURIER 
FTRS 
Computer-enhanced 
mathematics 
NEWTON 
NUMINT 
GAUSS 
EIGEN 
EXPRND 
Use arrows to select option 
then press RETURN 
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LINPROG 
LPROG2D 
TRANS 
QUEUE 
programs are added to the system. The menus and the software in the two 
laboratories are nearly identical, the difference being some additional 
facilities in the laboratory equipped with BBe Master computers. In 
general, the user does not require to be allocated a personal user number 
in order to access the menus and programs. Security units were 
purchased for all the computers so that the laboratories could be made 
available to students on an open-access basis when they are not 
time-tabled for class use and during the evenings. 
3 . 4 Software and Worksheets 
From the outset all the teaching software has been developed in 
response to requests and initial ideas from lecturers in the Mathematics 
Department. Close collaboration with the lecturer is maintained to 
ensure that the detailed specification and program design match his or her 
requirements. A team approach of this nature is considered by Nicolson 
and scott (1986) as "the only viable method for producing quality 
software". They suggest that "the weakest link in the process is the 
specification stage where a classroom teacher must convey the crucial 
teaching ideas to a computer programmer" . My experience as a 
mathematician, programmer and part-time lecturer undoubtedly helps me to 
bridge this potential gap in communication and, frequently, to assist with 
the detailed specification. 
To some extent, a consensus has emerged amongst developers of CAL, 
mainly through demonstrations and workshops at conferences, as to what are 
'good' program design features and approaches (see, for example, Bajpai et 
al., 1985, and Harding, 1986). For example, highlighting can be used for 
menu selection, a space at the foot of the screen for messages, default 
values for program parameters, etc. Many such features have been 
adopted for the mathematics software development at Napier. 
The computer programs are not self -contained learning packages. 
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They are designed as tools to assist and enhance the learning of 
mathematics and to encourage investigations and modelling. 
Of course, not many students will progress sufficiently if left to 
experiment completely freely. 
direction must be provided 
Just as in any other science laboratory, 
via a worksheet (Tawney, 1979). Such 
worksheets must be carefully designed and well prepared. Their design 
should reflect the aims and objectives of the laboratory session. 
Depending on the lecturer's perception of the exercise, the written 
material may take the form of a set of questions similar to the ones 
encountered in a traditional tutorial/problem class. However, it is more 
likely that a worksheet would include some open-ended investigative 
exercises. Some of the work undertaken might be of an experimental 
nature, leading to written reports for submission to the lecturer 
concerned. 
Worksheets have been prepared by different lecturers, usually for 
use, in the first place, with one of their own classes. Gradually, a 
variety of worksheets has been accumulated and made available as a common 
resource. 
3.5 The continuing Development 
Concurrent with developments in the use of microcomputers to 
support the teaching of mathematics, there has been a similar trend 
towards the use of mainframe software. In particular, use of a computer 
package such as MINITAB is now accepted as a necessary part of any 
statistics course taught by the Department. 
The decision to use computers as a teaching resource for a 
particular class is usually at the discretion of the lecturer concerned. 
In general, use of computers is not an optional extra to a mathematics 
course, as in some institutions, but is an integral part of the 
curriculum. Occasional workshops/seminars are organised to familiarise 
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staff in the department with new facilities and software in the 
mathematical science laboratories. A laboratory session takes the 
place of a traditional tutorial or lecture. 
As with any innovative teaching, the use of computers entails much 
preparation and often involves more complex planning than a normal class, 
especially if access to computers is only required occasionally. The 
laboratory may not be free at the most convenient time. The lecturer 
must familiarise himself with the operation of the software before 
exposing his students to it, existing worksheets must be studied to 
determine their suitability for the class and, if necessary, new 
worksheets must be prepared. Worksheets are frequently designed by a 
lecturer for a particular course and so are highly relevant to that 
course. Where the class size is too large to permit supervised sessions to 
be accommodated in the existing timetable, assignments can be issued for 
students to complete in their own time after an introductory session. Some 
computer-based work is assessed. 
The laboratory environment is not a static one. There is a 
continuing process of modification and refinement of the software and 
worksheets, as a result of input from several different lecturers. 
Teacher-led innovation of this nature is usually the most 
successful way of introducing curriculum change and new teaching 
approaches (Candy, 1988). There has frequently been too much emphasis on 
developing educational software for its own sake without reference to the 
needs of teachers and students. The experiences of the teacher using a 
computer package in the classroom can make a valuable contribution towards 
subsequent modifications and improvements. 
As a part-time lecturer and tutorial assistant I have been able 
both to observe stUdents using the computers and to participate in the 
teaching. I have gained first-hand experience of difficulties 
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encountered by students and staff when using the computers or software and 
also of the type of learning taking place. Informal evaluation of the 
software originally developed for the Apple computer enabled much improved 
versions to be written second time round for the BBC computers. In 
addition, a wide study of work taking place at other higher educational 
establishments has been undertaken. This includes several visits and 
attendance at a considerable number of seminars and conferences concerned 
with CAL. Familiarity with developments elsewhere has made it easier to 
exchange software with other institutions and, thus, to concentrate on 
producing programs which are either not available from other sources or 
whose approach is radically different. 
3.6 Aims and Scope of the Investigation 
As the use of computers to assist the teaching of mathematics at 
Napier has evolved, changing patterns of teaching and learning have become 
apparent. An increasing awareness of the potential of CAL, improved 
availabili ty of micros in sufficient numbers to allow adequate student 
access and familiarity with projects at other institutions have all 
contributed towards this adaptation of the learning environment. In 
particular, with the introduction of laboratories, opportunities opened up 
for investigative work in many areas of the curriculum in which it was not 
previously possible. Not only is the laboratory environment conducive to 
experimentation, it also lends itself to co-operative working between 
pairs or small groups of students. 
Ideas for program presentation and accompanying worksheets have 
developed in a similar fashion. Some software packages prove to be more 
effective learning tools than others. Many so-called educational 
programs are black-box calculators which simply provide the answer to a 
problem; others are difficult to use or inflexible. 
Can the use of well-designed packages enhance the learning of 
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mathematics by, for example, aiding the student's understanding of 
concepts or algorithms? What impact does the use of such packages have 
on the mathematics curriculum? Does the introduction of computer-based 
work result in more emphasis on some areas of the curriculum and less on 
others? The need to answer such questions led to this research project. 
The success of the CATAM project at Cambridge (Harding, 1984) and 
the mathematics laboratory at Birmingham (Beilby, 1987) is, without doubt, 
partly due to the role of the computer having been determined by close 
examination of their own teaching/learning situation. 
Napier suggests that our students would benefit from 
computer-based packages which are specifically designed to: 
Experience at 
the use of 
(i) enhance the students' understanding of particular 
concepts or algorithms, 
(ii) facilitate problem solving, and 
(iii) encourage investigative work. 
The effective use of such packages will have a significant impact 
on the mathematics curriculum. 
This project aims to test this hypothesis by: 
(i) the development and evaluation of two packages designed 
to meet the criteria outlined above; 
(ii) investigating the impact which the use of the packages 
has on the mathematics curriculum, in particular, with 
respect to teaching approaches and student attitudes 
towards mathematics; 
(iii) examining the feasibility of transfer of the materials 
produced to other higher educational establishments. 
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CHAPTER 4 
The Learning Packages 
4.1 Design criteria 
Selection of topics for the learning packages was influenced by 
the perceived needs of the Mathematics Department at Napier and the 
criteria listed in section 3.6. The two contrasting areas of the 
curriculum chosen were linear and integer programming using the Simplex 
method and the numerical solution of initial-value differential equations. 
The packages would not be self-learning units but computer-based tools 
designed to enhance the students' learning. 
It has already been shown that the design of educational software 
is i mportant (section 2.6). Computer programs should be easy to use and, 
in general, not require a user manual although they must be accompanied by 
appropriate back-up material to direct and/or stimulate the learning 
process. They should be menu-based and flexible in operation, making 
full use of the computer's interactive and graphic capabilities. A 
program must allow the user to try any apparently reasonable experiment 
and, if the algorithm fails or the program produces an error message, i t 
should tell him why. Experiments by Anderson et ale (1971) in 
computer-aided instruction provided some evidence that feedback from 
incorrect responses was more beneficial to the learner than 
acknowledgement given for correct answers. Kulhavy et ale (1976) further 
demonstrated that students who were confident in their response spent much 
longer considering the mistake when their answer turned out to be wrong. 
4.2 The Linear Programming Package 
Use of the simplex method for linear programming involves matrix 
transformations which students find difficult and tedious. Traditional 
teaching enables them to progress, at best, to solving three or four 
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variable standard problems. The complexity of the arithmetic tends to 
inhibit understanding of the process being carried out. virtually no 
post-optimal analysis is tackled. Although the branch and bound method 
for integer programming is taught, students are normally given a data 
sheet (Figure 4.1) from which to work. This contains intermediate 
solutions to the problem for all combinations of constraints which are 
required to construct the branch and bound solution tree. 
The aims of the teaching package, LINPROG, are twofold. The 
first of these is to assist students to understand the Simplex algorithm 
and the concept of duality. Secondly, having mastered the algorithm, an 
alternative mode of use facilitates post-optimal analysis or the 
construction of a branch and bound tree to enable the solution of integer 
programming problems. In this way, opportunities are created for problem 
solving and investigative work which were not previously possible. 
Research revealed no software available from other sources that would 
fulfil these aims. 
Description 
LINPROG copes with three main classes of problem: 
( a) The standard class of linear programming problems where one is 
required to 
either Maximise f(~) 
subject to gi(~) ~ hi 
or Minimise f(x) 
subject to gi(~) ~ bi 
There are many realistic problems of this nature. For these 
problems the user can follow a tableau by tableau display through 
the Simplex method. The user is asked to select the pivot 
element, to decide when the solution is optimal and to extract the 
solution from the final tableau. 
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Figure 4.1: Integer Programming Datasheet 
Problem 
No. Additional Constraints Xi X2 X3 X. I 
1 ORIGINAL PROBLEM 0 22.9 18.1 1.43 24380.95 
2 Xi ~ 4 Xl ' 20 5 20 18.3 0 24333.33 
3 Xi ~ 2, Xi ' 3 Xl ' 21 X3 ~ 19 2 20.5 19 0.25 24200.00 
4 Xi ~ 2 Xl ' 22 2 21.7 18.2 0.857 24361.91 
5 Xi ~ 4 Xz ' 20 X3 ~ 19 4 19 19 0 24000.00 
6 Xi ~ 2 X2 = 22 I N F E A SIB L E 
7 Xz ' 22 1.5 22 18.2 1 24366.67 
8 Xi 
' 1 Xz ' 22 X3 ' 18 1 22 18 1.5 24200.00 
9 Xi ~ 2 X , i , 3 Xz ' 21 3 21 18.3 0.5 24333.33 
10 x2 ~ 23 0 23 18 1 24300.00 
11 Xi ~ 2, Xi 
' 3 Xl ~ 21 X3 ~ 18 3 21 18 1 24200.00 
12 Xi ~ 4 Xl = 21 I N F E A SIB L E 
13 Xi ~ 2 Xl ' 21 3.25 21 18.3 0.5 24350.00 
14 Xi 
' 1 Xl ' 22 1 22 18.3 1 24333.33 
15 Xi ~ 4 Xl ' 20 X3 ' 18 4.67 20 18 0.667 24133.33 
16 Xi 
' 1 Xl ' 22 X3 ~ 19 0 21. 5 19 0.75 24200.00 
17 Xi ~ 4 Xl ' 21 4 20.6 18.3 0.286 24342.86 
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Minimisation problems are solved by first forming the dual 
problem. The algorithm used by the program follows that taught 
to the students at Napier. 
(b) General linear programming problems where any combination of 
constraints is allowed: 
For these problems, the program uses a BIG-M method (Zionts, 1974) 
but only the solution is given to the user. 
(c) Integer and mixed integer programming problems: 
The initial problem is solved as for a general linear programming 
problem. The user can then add further constraints and solve the 
new problem thus formed or return to t he initial set of 
constraints. 
Thus the branch and bound method can be implemented with ease. 
Input to the program is straightforward. The user is led through 
a series of questions to establish the type of problem, number of 
variables and constraints. The program assumes that all the variables 
are ~ o. The user chooses between a tableau by tableau solution using 
the Simplex method (Figure 4.2), in which he makes decisions at each 
stage, and a solution only option. The former option is available for 
the standard problem described above. If "solution only" is selected, 
the solution is followed by the comprehensive menu of options (Figure 4.3) 
which enables the user to carry out sensitivity analysis, parametric 
programming or the branch and bound method. 
Prerequisites 
The student is assumed to have been introduced to linear 
programming before using the package. In particular, the student would 
normally have been taught the Simplex method. Before attempting integer 
programming problems, the student should be familiar with the branch and 
bound method. 
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Figure 4.2: LINPROG: Tableau by Tableau output 
ThlS 1 s the lnitlal tableau of the standardised problem 
Xl X2 X3 
3.000 6.000 3 . 000 1 . 000 0.000 
1 . 000 2 . 000 3 . 000 0 . 000 1.000 
3.000 2.000 0.000 0.000 0.000 
-1.000 -4.000 -5.000 0 . 000 0 . 000 
Is this an optlmal solution (Y/N) ? n 
Select next Plvot column 3 
Correct 
Select Plvot row 2 
Xl X2 X3 
2 . 000 4.000 0.000 1.000 -1 . 000 
0.333 0 .66 7 1 . 000 0 .0 00 0 . 333 
3 . 000 2.000 0.000 0 . 000 0 . 000 
0.667 - 0 .6 67 0 . 000 0 . 000 1. 667 
Is this an optimal solution (Y/N) ? n 
Select next Plvot column 2 
Correct 
Select pivot row I 
0 . 000 
0 . 000 
1.000 
0.000 
Correct 
Co rrect 
0 . 000 
0.000 
1 . 000 
0 . 000 
Correct 
Correct 
Figure •• 3: LINPROG: Menu of Options 
1 Display current problem 
2 Solve current problem 
3 Add a constraint 
4 Change objective function 
5 Alter coefficients of a constraint 
6 Change r.h.s . of a constraint 
7 Return to original problem 
8 Terminate 
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22 . 000 
14 . 000 
14.000 
0.000 
8 . 000 
4 . 667 
14 . 000 
23.333 
The teaching objectives of LINPROG are: 
(i) to enhance student understanding of linear 
programming and, in particular, the Simplex method; 
(ii) to facilitate problem solving which involves the 
use of linear programming: 
(iii) to facilitate the solving of integer programming 
problems by the branch and bound method: 
(iv) to encourage investigative work, in particular, 
post-optimal analysis. 
Implementation and use 
Wri tten in BBC-BASIC, LINPROG has been implemented on a 
stand-alone Acorn BBC microcomputer and on the ECONET network in the 
mathematics laboratory. A preliminary version was made available in 
February 1985 for field testing with students. Since version 3, 
described in this report, was released in December 1985, minor 
modifications have been incorporated as a result of formative evaluation. 
The package has been in regular use with several different classes at 
Napier each session since 1985. 
LINPROG has been marketed by Napier Polytechnic since April 1986 
(Mackie and Scott, 1986) and has been sold to over 20 educational 
establishments throughout the United Kingdom. It has been demonstrated 
at six conferences (Mackie, 1985; Scott, 1986), including the 
international ICME-6 conference in Budapest in August 1988. A PC-based 
version of LINPROG has now also been implemented. 
Back-up material 
A program which enables two-variable linear programming problems 
to be solved graphically is available in the mathematics laboraories with 
an accompanying worksheet. This program can be used during the initial 
stages of a linear programming course before introducing the Simplex 
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method. 
Three worksheets have been written to cope with topics covered by 
the LINPROG package (Appendix 1). These are: 
( i ) Introductory linear programming 
Included in this worksheet are exercises to formulate a linear 
programming problem mathematically, examples which demonstrate the 
operation of the Simplex method and compare it to the graphical 
method of solving 2- and 3-variable problems and exercises which 
explore the concept of duality. 
(ii) Post-optimal analysis 
The exercises on this sheet enable the student to investigate the 
effect of changes in the objective function or constraints of a 
linear programming problem. Both sensitivity analysis and 
parametric programming are included. 
(iii) Integer linear programming 
Integer and mixed integer programming problems are solved 
graphically and by using LINPROG to implement the branch and bound 
method. For the latter the student constructs the branch and 
bound diagram on paper using the program menu options to form and 
solve the new problem at each node of the solution tree. 
All three worksheets have been designed to include realistic 
problem solving and (ii) and (iii) to encourage investigative work. 
4.3 The Differential Equations Package 
One of the early programs written for the mathematics laboratory 
enabled the user to solve first order differential equations by a variety 
of Runge-Kutta methods. Although this program proved useful for a 
variety of teaching purposes, many ideas for additional features had been 
expressed by members of staff using it. The following features were 
identified that would be of particular benefit: 
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(i) graphical output of the solution: 
(ii) the ability to compare the analytical solution, if 
known, with the numerical solution: 
(iii) the ability to solve a system of differential equations: 
(iv) the ability to obtain phase portraits: 
(V) the addition of predictor-corrector methods. 
since several programs already existed for the numerical solution 
of differential equations, these were studied carefully to determine 
whether an existing package would fulfil our requirements (Jacques and 
Judd, 1985: Katsifli and Fyffe, 1984: Harding, 1974). None of the 
programs or approaches studied offered the facilities we required. 
Consequently, after discussion with several members of staff, a 
specification for a new package, NODES, was prepared. 
Description 
NODES solves a single or a system of ordinary differential 
equations subject to given initial conditions. The wide range of 
methods provided (Figure 4.4) enables the package to be used for 
comparative studies in numerical analysis and to investigate stiff 
equations. The equation(s), analytical solution, if known, initial 
condition(s), range and step size are input at run-time. 
Figure 4.4: Numerical methods (enhanced version) 
Single Equation System of Equations 
Fixed-step Euler Euler 
Runge-Kutta methods Heun 4th-order Runge-Kutta 
Improved Euler 
3rd-order Runge-Kutta 
4th-order Runge-Kutta 
Variable-step 4th-order user-controlled 
Runge-Kutta methods 4th-order Runge-Kutta-Fehlberg 
Predictor-corrector Modified Euler 
methods 4th-order Adams-Bashforth-Moulton 
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The output may be a table of results, a graph ( showing the 
analytical solution also, if known) (Figure 4.5), or an error analysis 
incorporating the absolute or relative error in both tabular and graphical 
form (Figure 4.6). Different outputs may be selected in any order for a 
particular input. The highly flexible and interactive nature of the 
menu-driven program allows problem parameters or the method to be easily 
modified and the resultant effect on the solution observed. Successive 
graphs may be superimposed allowing direct comparison of solutions using 
ei ther different step lengths, methods or initial conditions. When a 
system of differential equations is solved, the phase path of any two of 
the variables can also be plotted. Hard copy of either tabular data or 
graphical solutions may be output to the printer. 
The screen layout has been carefully designed. Information about 
the current problem is displayed at the top of the screen and a small 
window at the base is reserved for instructions and error messages, 
leaving the central area for input, the menu or display of results. 
Default values for all input parameters are displayed in parentheses. 
These are continually updated to contain the value most recently input by 
the user. This facility is particularly valuable for classroom 
demonstrations and the inexperienced user but also simplifies 
modifications as only those parameters which have changed need to be 
re-typed. 
When a fixed-step Runge-Kutta or the modified Euler method is 
used, the error is calculated by comparison with the analytical solution, 
if given. With the fourth-order variable step Runge-Kutta and 
predictor-corrector methods, however, the error at each step of a 
particular solution is estimated by the method itself. 
Many practical problems and idealised systems in science and 
engineering can be modelled by differential equations. NODES allows 
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Figure 4.5: NODES graphical solution 
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Figure 4.6: NODES error analysis 
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students to implement a model on the computer, to experiment with the 
model parameters and to observe the effect on particular solutions. 
Before using this package, the student should have been introduced 
to first-order ordinary differential equations and simple modelling. In 
order to carry out investigative numerical analysis the student should be 
familiar with basic numerical methods. For stability analysis and for 
testing models involving second-order differential equations, he/she 
should be able to break down higher order equations and systems into a 
system of first-order equations. 
The teaching objectives of the package are: 
(i) to enhance student understanding of 
(a) solutions of ordinary differential equations (both 
numerical and analytical), 
(b) numerical methods, 
(c) stability of systems; 
(ii) to facilitate investigation of numerical methods for solving 
ordinary differential equations, in particular, different methods, 
the effect of varying step size and errors; 
(iii) to enable the testing of mathematical models of practical 
situations (the user creates a system of first-order equations, 
when necessary); 
(iv) to facilitate investigation of 
(a) the behaviour of a model, 
(b) stiff equations. 
Implementation 
NODES is written in BASIC on a BBC microcomputer. It is 
implemented on both stand-alone machines and the ECONET network in the 
mathematics laboratories. The first version, with limited facilities, 
was installed on the network in November 1986 for student and staff use. 
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Throughout 1987, amendments and modifications were incorporated and 
further facilities added. As the program became too large to be 
accommodated on a BBC model B it was decided to implement two versions. 
The enhanced version, described in this report, is implemented on the BBC 
Master. A standard version which offers fewer numerical methods and 
error analysis for single equations only is available for the BBC model B. 
Version 3 was released in June 1988 (Mackie and Scott, 1988 (b)) and 
demonstrated at the ICME-6 conference in Budapest in August that year. 
NODES has also been demonstrated at four other conferences (Mackie, 1986, 
1988(a), 1988(b}} and is being marketed by Napier Polytechnic. The 
package has been used extensively at Napier since 1987. 
Back-up material 
A series of worksheets has been prepared to accompany this 
package, many of them specific to a particular application. Topics 
covered range from comparisons of different numerical methods and 
investigations of errors (or the stability of systems) to model building 
and analysis. A full list is included in Appendix 2. For example, one 
worksheet requires the student to construct and analyse a mathematical 
model of a simple vibrational system. The objectives are to study simple 
harmonic motion, damped vibrations and various forced vibrations, 
including the conditions leading to resonance. Many of the questions 
encourage the students to analyse the significance of their results. Where 
feasible, some open-ended questions have been included to foster creative 
thinking and further experimentation. 
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CHAPTER 5 
The Process of Evaluation 
5.1 Methodology 
"Evaluation is the means whereby we systematically collect 
and analyse information about the results of students' 
encounters with a learning experience." 
(Rowntree, 1982) 
It is by identifying the outcomes, the strengths and the 
weaknesses of a teaching/learning system that it can be improved upon 
before using with another set of students. Such evaluation should also 
determine which objectives have been achieved and which have not. Scriven 
(1967) first introduced the distinction between formative and summati ve 
evaluation. The former occurs during the development phase of a learning 
system as a result of feedback obtained by continuous monitoring. Its 
primary purpose is to improve the system for the benefit of the present 
students. The appraisal of the entire system and its overall 
effectiveness constitutes the summative evaluation. 
The distinction between these two phases in this project is 
relati ve rather than absolute. The development and use of CAL in the 
Mathematics Department at Napier, described in Chapter 3, has been an 
iterative process. Evaluation of small-scale innovations, with the close 
involvement of the lecturers concerned, enables modifications to be made 
to the new materials and ways of presenting them. Further CAL is 
introduced as a result of individual self-evaluation and in response to 
specific needs. Rowntree notes that self-appraisal at the end of a 
teaching unit is a summati ve evaluation of that unit but may appear 
formative to the evaluation of a system as a whole. The main distinction 
in this project is that the formative evaluation concentrates on the 
materials developed whereas the summative assessment considers the 
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outcomes resulting from the use of those materials. 
It used to be thought that, to be of value and to demonstrate 
validity, educational research had to follow the experimental methods of 
scientific research. As discussed in section 2.6, however, the 
quantitative pre- and post-test measurements typical of experimental 
evaluation fail to provide sufficient insight into all the changes in 
learning which may be taking place as a result of significant curriculum 
innovation. 
Several recent studies in the field of computer-assisted learning 
(Hoyles and Sutherland, 1987: Johnston, 1985: Gudgin, 1987; Fraser, 1987) 
have relied on the qualitative techniques of illuminative evaluation 
(Hamil ton et al., 1977). This approach is anthropological in nature, 
relying on observation, interviews and questionnaires for much of its 
data. Anecdotes may be used to reveal particular examples of attitude or 
change. 
For this project illuminative technqiues have been embodied in a 
framework of action research (Cohen and Manion, 1980). 
teacher as researcher, Candy (1988) argues: 
In advocating the 
"The close investigation into the learning and teaching 
processes at work when a computer is introduced, can be 
carried out only by considering the impact and effectiveness 
in the school and classroom context. The changes observable 
by the teacher, reflecting on a number of different factors, 
can be related to previous experience and assessed with a 
view to subsequent action." 
continual appraisal allows subsequent teaching to be modified and 
new goals and strategies to be set in the light of experience. The 
advantage of the dynamic nature of this approach is its ability to 
recognise that objectives and priorities are continually evolving. Thus, 
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this methodology not only leads to a clearer understanding of the 
processes involved but is more likely to assist in the identification of 
all the siqnificant outcomes of the learning process, not just those it 
was designed to produce. 
The views of participating lecturers are a crucial aspect of the 
evaluation. These have been determined by informal conversation, by 
interview and by questionnaire. Most researchers agree that student 
evaluation can be valuable also (Arubayi, 1986), although variables such 
as sex, experience, grade, class size and time of day course is taught can 
influence students' ratings of instruction. Interviews and questionnaires 
have been used to gather student evaluation data. 
The validation of the learning packages developed is the main 
function of the formative evaluation. There are two main objectives: 
(i) to assess the performance of each program, and whether 
it is a convenient and effective learning tool: 
(ii) to determine the extent to which the teaching objectives 
of the package have been achieved. 
Attributes such as the reliability, "user-friendliness" and usefulness of 
the programs need to be assessed. What difficulties or deficiencies 
have been encountered in use? Does the program have any unexpected 
advantages? Are the accompanying worksheets clear, relevant and useful? 
Both student and staff ratings of the programs have been measured 
but, by analysing these separately, any significant variations will be 
noted. One problem in judging the reliability of a program is the user's 
inability to distinguish between hardware and software faults. 
Deficiencies in the network operating system may lead an inexperienced 
user to rate a package as unreliable. By encouraging users to report all 
faults either verbally or in a book provided for the purpose in the 
laboratories, hardware faults should be quickly rectified and the software 
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reliability should improve as the project progresses. 
Organisational and operational aspects of the mathematical 
sciences laboratories were also reviewed as part of the formative 
evaluation. 
The summative evaluation 
(i) investigates all the learning outcomes: 
(ii) examines changes in (a) teaching approach, 
(b) the mathematics curriculum, 
(c) student attitudes; 
(iii) determines the feasibility of the transfer of the packages to 
other higher educational establishments. 
The primary teaching objectives are the promotion of problem-solving and 
investigati ve work (sections 4.2 and 4.3). The role of computers in 
learning mathematics was discussed in section 2.1 and the following 
desirable stUdent outcomes of problem solving and investigative work in 
the laboratory were identified: 
assimilation/reinforcement of concepts 
mathematical discussion 
involvement of both weak and able students 
students' knowledge is broadened 
encouragement towards becoming more independent learners 
increased motivation 
improvement of problem solving skills 
experience of mathematical modelling. 
Since outcomes in both the cognitive and affective domains are 
expected, a variety of techniques have been used to identify them. The 
students' learning experiences are assessed informally but frequently by 
both the teacher and the students themselves. Their judgments have been 
polled by questionnaires. written data gathered from the questionnaires 
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can be verified and elaborated by interviews with staff and students. 
Student motivation can be inferred from scaled ratings in surveys. 
Observation of overt behaviour in the mathematical sciences laboratories 
can be used to validate the written responses. 
5.2 Classes selected for Monitoring 
Initially two classes were selected for close monitoring during 
the 1985/86 academic session: 
(i) B.Sc. in science with Industrial Studies, 4th year 
(ii) B.Sc. in communications and Electronic Engineering, 4th year 
(Honours). 
The lecturer concerned, who teaches both classes, felt that both 
would benefit from the introduction of computer-assisted learning, 
utilising microcomputers in the mathematical sciences laboratory, 
available for the first time the previous session. As both groups study 
aspects of linear programming as part of their course, opportunities exist 
for the use of the LINPROG package. Obviously the willingness of the 
lecturer to participate in the research was also a requirement. Prior to 
this session both classes had occasional microcomputer-based classroom 
demonstrations of mathematical programs but nei ther had hands-on 
experience of such software. 
B.Sc. in science with Industrial Studies, 4th year (SIS4) 
This is an interdisciplinary science-based sandwich degree with 
two six-month placements at the end of Years 2 and 3. The course leads 
to an ordinary degree after four years or an honours degree after five 
years. 
In their first year, students study Physics, Chemistry, Biology, 
Mathematics, Computing and Industrial Studies. One science subject, but 
not Mathematics, is dropped at the end of Year 1 and another the following 
year. They thus continue to study two science subjects, one of which may 
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be Mathematics, for the remaining two or three years of the course. The 
course structure and mathematics syllabuses are detailed in Appendix 3. 
(See also Leach, 1978). 
As part of the computing course, students learn at least one high 
level programming language, FORTRAN, in Year 2. Those who choose the 
Mathematics option from Year 3 onwards also continue to study computing. 
The content of the mathematics syllabus is almost 50% statistics. 
students use MINITAB and other computer packages regularly from the first 
year of their course. 
There were 12 students in SIS4 in 1985/86. The three hours of 
mathematics per week shown on the scheme of work in Appendix 3 forms half 
of the total mathematics curriculum for the fourth year of this course. 
The balance between lectures and tutorials is flexible but, in general, 
laboratory sessions replaced lectures. They had one classroom 
demonstration and three laboratory sessions using packages, but were 
encouraged to make further use of the packages in their own time. 
stUdents on this course study linear programming and the use of 
the Simplex method in their third year. In the fourth year the topic is 
extended to include integer and mixed integer programming problems and 
their solutions by the branch and bound method. LINPROG was used to 
reinforce the teaching of this method. 
not assessed directly. 
The student's use of LINPROG was 
As no non-linear programming software was available, the students, 
working in pairs, wrote their own programs in BBC BASIC based upon 
routines given in their textbook. Each group developed a program for one 
of the methods, then presented their work to the rest of the class 
including an explanation of the algorithm itself. This exercise involved 
5 laboratory sessions for the group presentations which were assessed. 
The programming was done in the students' own time. 
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B.Sc. in Communications and Electronic Engineering, 4th year (Honours) 
(CEE4) 
This 4/4~ year sandwich course, with bifurcation at the start of 
Year 3, leads to an ordinary or honours degree in Communication and 
Electronic Engineering. The principal subjects studied are Electrical 
and Electronic Engineering, Engineering Science, Mathematics, Computing, 
Information Technology, Communication Systems and Industrial Studies. 
Details of the course structure and mathematics syllabuses are given in 
Appendix 3. There are two is-week periods of supervised work 
experience, at the end of Years 2 and 3, during which students work in a 
variety of industrial environments. 
Throughout their course, the stUdents are exposed to a wide range 
of computer hardware, including microcomputers, microprocessors and a high 
frequency laboratory. They learn both a high level programming language, 
PASCAL, and microprocessor programming techniques during the first three 
years of their course. 
In 1987, in response to the Finniston Report, this course was 
converted to a B.Eng. degree, with a greater emphasis being placed on 
engineering applications. 
The provision of a relevant programme of engineering applications 
aims to stimulate creative thought and self-awareness in the students. The 
first phase of the programme, EA1, equips the students with the practical 
machining and electronic skills they require. During the second phase, 
EA2, individual creative skills are developed by the application of the 
theoretical work to practical solutions of real problems. This includes 
a computer-based mathematics assignment of an experimental or 
investigative nature, in each of the first four years of the course. 
In Year 4, the students have three hours of mathematics per week, 
in which they study probability and statistics, numerical analysis, 
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optimisation and queueing systems. The three hours comprise one hour 
each from two different lecturers plus a shared tutorial hour. The 
scheme of work followed by one lecturer for the 1985/86 session, given in 
Appendix 3, shows the balance between lecturing, classroom demonstrations 
and students' hands-on experience in the mathematics laboratory. It also 
illustrates how the use of appropriate computer packages is integrated 
into the mathematics curriculum. Laboratory sessions with this class 
replaced lecture hours. The students were encouraged to explore the use 
of the computer packages further in the laboratory in their own time. 
There were 16 students in this class. 
The linear programming studied in the fourth year of the course 
consists of the graphical solution of two-variable problems, the Simplex 
method, the concept of duality, and an introduction to post-optimal 
analysis. The solution of integer programming problems by the branch and 
bound method is also covered. The LINPROG package was used to enhance 
the teaching of all aspects of this topic. 
Computer packages were also used to assist the study of queueing 
theory. The software required to solve boundary value problems by the 
finite difference method was not available in time, but one of the 
students wrote a program on his own computer which was then demonstrated 
to and used by the rest of the class. This class also made use of the 
programs for non-linear programming methods developed by 8IS4. 
The students had a total of 10 laboratory-based classes, five of 
them using LINPROG. They also had one classroom demonstration. None 
of the computer-based work was assessed directly. Their EA2 assignment 
was a joint exercise in mathematics and communication systems to simulate 
random flow in networks. 
One of a number of other classes which used the mathematics 
laboratory regularly during this session was the first year B.Sc. Applied 
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Chemistry class (AC1), comprising 24 students. In the capacity of 
tutorial assistant, I participated in laboratory-based .classes with this 
group and was, therefore, able to observe their experiences. A variety 
of programs for function plotting, Newton-Raphson iteration and numerical 
integration were used. By gathering data from this first year class 
also, their response to the use of computer-based materials can be 
compared to that of the more mature and mathematically-experienced fourth 
year classes. 
5.3 Observation of Laboratory Sessions 
During the 1985/86 academic year I attended twelve laboratory 
sessions, three each with SI54 and CEE4 and six with AC1. Although with 
the latter class I participated as a tutorial assistant, whereas my 
involvement with the other classes was simply as an observer, the 
distinction was blurred. In all three classes I gave advice on operation 
of the software, when requested, and discussed difficulties and results 
with the students. 
The LINPROG package was in use during three of the observed 
sessions. Being at a formative stage of development, several minor 
'bugs' and operational problems were discovered during these sessions. 
At each laboratory class the students were gi ven a worksheet to 
direct their efforts. In most cases this had been specially prepared for 
the package being used but, in a few cases with AC1, an existing tutorial 
sheet was used. In all instances, when a package was being used for the 
first time, the lecturer gave the students a short introduction to its 
operation. 
5.4 student Surveys 
All the students in the three classes listed in section 5.2 were 
asked to complete questionnaires in October 1985 and May 1986 (Appendix 
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4). The first of these, 500, was brief, designed to assess the students' 
previous experience of and attitude to mathematics and computing. The 
second questionnaire, SOl, had two main aims: 
(i) to appraise student attitudes towards the use of computers 
as a learning tool for mathematics, and 
(ii) to determine which packages had been used and to rate 
these packages. 
The students were also asked for their opinions on assessment of 
computer-based work, group working and unsupervised working in the 
laboratory. These, and subsequent questionnaires I were handed out to 
students in class either by me or the lecturer. The students were asked 
to complete them and hand them back as soon as possible. 
In addition to the questionnaires, I interviewed ten students 
individually, three from CEE4, four from S1S4 and three from AC1. These 
students were selected by the lecturer to represent a cross-section of 
views, sex and abilities within each class. The interviews were informal 
and wide-ranging, lasting about twenty minutes each. The students were 
told that the interviews were for research purposes only, but not the 
exact nature of the research. They could not, therefore, guess the 
'correct' responses to the questions asked and were encouraged to talk 
frankly. The aim was to gain a deeper insight into the views and attitudes 
of these students towards mathematics and the use of computers than could 
be ascertained from a questionnaire. A further aim was to identify 
unforeseen points of significance which could be followed up in later 
questionnaires. 
During the following session, 1986-87, the SIS4 and CEE4 classes 
followed the same scheme of work. They were again surveyed at the start 
and end of the session using questionnaires SOO and S03, respectively. The 
second questionnaire, S03 (Appendix 4), was similar to SQl used the 
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previous year but modified to reflect the wider range of computer packages 
available and the additional laboratory. 
At this time a new mode of use of the laboratories emerged. As 
explained previously (secton 5.2), the Communications and Electronic 
Engineering degree, now converted to a B.Eng. degree, required the 
mathematics course to include an engineering applications (EA2) 
component. students on this course are taught methods for solving first-
and second-order differential equations analytically in first year. 
Methods for second- and higher order differential equations and 
simultaneous equations are developed further in second year and numerical 
methods are introduced. It was felt that an investigation of the 
mathematical model of a physical system using the NODES package would be 
an appropriate and useful engineering applications assignment. The first 
and second year classes, CEEl and CEE2, a total of 116 students, used an 
early release of the NODES package for this purpose early in 1987. The 
worksheet DE7 was used as the CEEl assignment whilst CEE2 used DEll 
(Appendix 2). 
Students in these classes had little previous experience of using 
computer packages in mathematics. At the start of the session, the 
first year class had been introduced to the facilities of the laboratory 
and, in particular, use of the graph plotting program, and, thereafter, 
encouraged to use it in their own time to follow up topics encountered in 
class. NODES was used in class with the second year group prior to the EA2 
assignment to demonstrate various numerical methods for the solution of 
ordinary differential equations. The students I preliminary instruction 
for the EA assignment included an introductory lesson using NODES in the 
laboratory and being shown how to break a second- or higher order 
differential equation into a system of first-order equations. They were 
then required to complete the assignment in their own time. 
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Both classes were asked to complete questionnaires 500 in October 
1986 and 502 (Appendix 4) after completion of the EA2 assignment. The 
objectives of the 502 survey were: 
(i) to rate NODES for its ease of use, reliability, 
usefulness and flexibility: 
(ii) to pinpoint particular features of the program which 
were liked or disliked: 
(iii) to find out student attitudes towards use of the NODES 
package: 
(iv) to assess students' perceptions of ways in which use 
of a computer could help their learning. 
An improved version of NODES was available for the 1987-88 session 
and was used by CEE2 in the same way as in the previous session. As this 
class had completed the S02 survey the previous year, an amended 
questionnaire, SQN2 (Appendix 4) was prepared and issued to the class in 
March 1988. Many questions remained the same for comparison with the 
previous year's findings. A four-point scale for ratings replaced the 
three-point scale because of the tendency of participants to 'sit on the 
fence'. I also interviewed three students from CEE2, selected to 
represent a cross-section of abilities and attitudes within the class, to 
obtain a more detailed and subjective reaction to this assignment. The 
interviews were recorded on audio tape. 
In March 1988, the SIS4 and CEE4 classes were again asked to 
complete a general questionnaire I SQ4 (Appendix 4). This questionnaire 
was based on SQ3 but modified to use a four-point rating scale. Previous 
questions for which sufficient data had already been gathered were omitted 
but ratings for the packages used were again requested in order to 
complete the formative evaluation. New questions were included to 
ascertain ways in which students thought that the use of computer packages 
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had assisted their study of mathematics. 
Data from the interviews conducted with CEE2 students and previous 
questionnaires contributed towards two new questionnaires, one each for 
LINPROG and NODES, which were developed for the final year of the study, 
1988-89 (LPAQ and NAQ, Appendix 4). In these attitude surveys students 
were asked to respond to a series of statements and to state the degree of 
agreement with each statement on a scale of 1 to 5 (Likert, 1932) as 
follows: 
5 
Strongly agree 
For example: 
4 
Agree 
3 
Not surel 
Doesn't apply 
2 
Disagree 
1 
Strongly disagree 
"using LINPROG helped me to understand the branch and bound 
method for integer programming." 
"It was interesting to investigate the sensitivity of solutions 
to differential equations." 
"I couldn't understand what the program was doing." 
These surveys were designed to assess: 
(i) the student's enjoyment and interest in the topic being studied and 
the use of the program, 
(ii) the student's assessment of the package as a learning tool, and 
(iii) the types of learning taking place. 
The statements were mixed with respect to posi ti ve and negative 
attitudes to avoid a set pattern of responses and to enable a check to be 
made on the internal reliability of the survey. Each survey was given to 
two classes who had made use of the appropriate package that session. The 
classes asked to complete the NODES survey were B. Sc. Mathematics with 
Engineering Technology, Year 2 (MET2) and the B.Sc. Physics, Year 2 
(PHYS2), a total of 26 students. The LINPROG survey was given to the 
SIS4 and CEE4 classes, totalling 35 students. The student surveys 
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carried out are summarised in Table 5.1. 
Table 5.1: Student Surveys 
No.of No . of NUlIIber 
Session Class students Ouestionnaires Completed Interviewed 
Ouestionnaires 
1985/86 SIS4 12 SOC SOl 8 4 
CEE4 16 SOC SOl 13 3 
ACl 24 SOC SOl 7 3 
1986/87 SIS4 20 SOC S03 16 
CEE4 23 SOC S03 23 
CEEl 65 SOO S02 51 
CEE2 58 SOO SQ2 42 
1987/88 SIS4 11 SQ4 11 
CEE4 20 SQ4 17 
CEE2 64 SON2 50 3 
1988/89 SIS4 13 LPAQ 10 CEE4 26 LPAQ 25 
MET2 16 NAQ 16 
PHYS2 10 NAQ 9 
5.5 Staff Surveys 
A microcomputer laboratory was first established in t he 
Mathematics Department in 1984. Resultant changes in teaching approach 
by the staff were monitored by a series of questionnaires issued in June 
1985 and the three successive years 1986 to 1988 (Appendix 5). Information 
requested included: 
(i) amount and frequency of time spent using computers, 
(ii) packages used, 
(iii) reasons for use, and 
(iv) ratings for packages used. 
All permanent, full-time members of staff of the Mathemati cs 
Department based at Merchiston or Craiglockhart were asked to complete the 
questionnaires. Science and engineering courses are taught at these t wo 
sites. 
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In 1989, four lecturers were asked to complete a more detailed 
survey, two each for LINPROG and NODES (LOL2 and LON2, Appendix 5). The 
emphasis of these was on hisjher objectives when using the package and the 
extent to which these were achieved, the teaching approach adopted and the 
effectiveness of the package as a learning tool. 
Further detailed data were gathered by extended, informal 
interviews in June 1989 with five lecturers who have gained experience of 
using computers to assist their teaching over several years. The 
lecturer responsible for teaching the 5I54 and CEE4 classes was among 
those interviewed. These interviews were recorded on tape so that 
details and implications could be summarised later on paper. By using a 
checklist of points to be covered, it was possible to obtain comprehensive 
data on individual changes in teaching emphasis and approach as a result 
of the use of computer packages. 
5.6 Use in Other Institutions 
Contacts were established with other scottish higher education 
institutions early in the project with a view to transferring the packages 
developed. Lecturers at Paisley College of Technology and Dundee College 
of Technology expressed an interest in LINPROG and were duly supplied with 
copies of the program, handbook and worksheets in May 1986, with later 
updates as these became available. Similarly, the NODES program, with 
accompanying user guide and worksheets, was given to Dundee College in 
1987 and to Robert Gordon's Institute of Technology in Aberdeen in 1988. 
Of the four packages supplied, only one has actually been used with 
students. 
At Dundee College a lecturer used LINPROG with a class in both 
1987 and 1988. In February 1988 I visited the College and observed the 
class using the program. The observed lesson was part of the mathematics 
course of a third year B. Sc. science degree, during which they study 
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linear programming using the simplex method. The course includes a 
two-hour practical session each week, usually held in the BBC laboratory, 
but covering different aspects of the course and often using the BBCs as 
terminals to a mainframe computer. The use of LINPROG represented their 
first use of a microcomputer-based CAL package. 
I left questionnaires for both students and the lecturer (SOLl and 
LOLl, Appendix 6) to be completed and returned to me. 
The Dundee lecturer explained that lack of class time had 
prevented him from using the NODES package since differential equations 
were not covered until late in the session, by which time the students 
were feeling the pressure of examinations. Robert Gordon's Institute of 
Technology expressed interest but, soon after receiving NODES, they 
acquired a new IBM-PC compatible computer laboratory and no longer had 
ready access to BBC computers. 
In April 1988 a questionnaire, LOL2 (Appendix 5) was sent to the 
20 customers to whom a copy of LINPROG had been sold, with an accompanying 
letter requesting completion by a lecturer who had used the program. Since 
purchase orders for software are handled by the central administration in 
many colleges and universities, it was not possible to identify the 
department from which the order originated in all cases. It is not known, 
therefore, how many questionnaires did in fact reach the intended user. 
Six completed questionnaires were returned. 
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CHAPTER 6 
Formati ve Evaluation of the Learning Packages 
6.1 L1NPROG 
From 1986 onwards, LINPROG has been used with students in CEE4 
(B.Sc., communications and Electronic Engineering, 4th year Honours class) 
and S1S4 (B.Sc., Science with Industrial Studies, 4th year class). For 
three successive years, the students were requested, by questionnaire, to 
rate the computer packages they had used for ease of use, reliability and 
usefulness of output on a scale ranging from 'Very highly' (4) to 'Poor' 
(1). The results are shown in Figure 6.1. There are many factors which 
may influence students' ratings. These include the time of day, week or 
session that the questionnaire is answered, their most recent experience 
with computer packages and their peer group. A different format of 
questionnaire in 1987/88 may also have affected ratings for that year. 
These results, therefore, can only provide a broad indication of student 
opinion, but they do demonstrate a consistent rating of 'High' or 'Very 
high' by at least 46% of respondents for all aspects of the program under 
consideration. 
The data for 'Reliability' shows a sustained improvement over t he 
period of study. Table 6.1 contains student comments relating to their 
use of LINPROG. Two aspects of the program which proved advantageous 
were the step by step solution of problems by the Simplex method and being 
able to implement the branch and bound method. 
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Figure 6.1: LINPROG - Students' Ratings (percentages) 
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Table 6.1: Student comments relating to LINPROG 
- Allows you to concentrate on the problem and therefore 
understand the method more easily 
- Use of the program helped my understanding. I got 
lost when reading through my notes. The screen layout 
and prompts aid understanding 
- I think it helps you to understand problems quicker 
than you would normally 
- The lecture can't explain everything - LINPROG helped 
overall understanding of the Simplex method and the 
branch and bound method 
- You can work through the method at your own pace 
- You don't get hacked off by tedious calculations and 
lose interest in what the actual problem is 
- LINPROG helped me understand the branch and bound 
method. It was not clear from lecture and notes 
- The combination of using the computer (LINPROG) and 
the whiteboard (to build the tree diagram) helped 
me to appreciate the branch and bound method 
- You can experiment with different parameters and 
solve more realistic problems 
staff evaluations of LINPROG are given in Table 6.2. No program 
ratings were gathered in 1988. As the number of ratings obtained is 
small, no generalisations can be made. staff may be less critical and 
rate programs higher than the students do because they are more aware than 
stUdents of the amount of arithmetical drudgery eliminated by the programs 
and the wider educational opportunities opened up. LINPROG was rated 
particularly highly for the usefulness of its output. It scored less 
well, however, for 'Flexibility/range of options offered'. 
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Table 6.2: Staff LINPROG ratings 1986-87 
Number of staff 
Program attribute 
1986 1987 
Ease of use: very highly 4 2 1 
3 0 2 
2 0 1 
poor 1 0 0 
Reliability: very highly 4 2 1 
3 0 3 
2 0 0 
poor 1 0 0 
Usefulness: very highly 4 2 3 
3 0 1 
2 0 0 
poor 1 0 0 
Flexibility/options: 
very highly 4 no 0 
3 data 3 
2 avail- 1 
poor 1 able 0 
Sample size 2 4 
Further data were obtained from questionnaire LOL2 in 1989 from 
lecturers who had, by then, made considerable use of the package. The 
two lecturers who evaluated LINPROG rated it on a scale of 4 (very highly) 
down to 1 (poor) as follows: 
Ease of use 
Reliability 
Usefulness of output 
Flexibility/options 
offered 
Lecturer 1 
4 
4 
4 
3 
Lecturer 2 
4 
3 
4 
3 
The features of the program most liked by the reviewers were the 
ease with which students became familiar with the program and the tableau 
by tableau option which aided understanding of the Simplex method. These 
results reinforce the findings of the students' evaluations. The ease of 
use and the labour-saving aspects were two reasons why they considered 
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that the students reacted favourably to using the package. One lecturer 
would like the program to allow more variables and constraints in order to 
solve more realistic problems. Both respondents suggested that an option 
to delete a constraint should be added to the menu. Access to the menu 
options from the tableau by tableau mode for post-optimal analysis would 
also be welcomed. The results in Table 6.3 indicate that LINPROG had 
been used for all its intended teaching objectives (Section 4.2) and was 
judged to have been very successful for all purposes except enhancing 
student understanding of the concept of ~uality. 
Table 6.3: LINPROG Evaluation 1989 
Teaching Objective Degree of success 
Lecturer 1 Lecturer 2 
To enhance understanding of the 
Simplex method Very successful Very successful 
To enhance understanding of duality Fairly successful Not sure 
To solve realistic L.P. problems Very successful * 
To carry out post-optimal analysis Very successful * 
To solve integer programming problems Very successful Very successful 
Support material used LINPROG LINPROG 
worksheets worksheets 
Used for part of overall assessment? No Yes 
Note: * program not used for this purpose 
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6.2 NODES 
The NODES package was first used in the 1986/87 session with 
classes CEE1 and CEE2. Results from questionnaires SQO and SQ2, 
completed by both classes, are shown in Appendix 9. Although only 7% of 
the stUdents responded positively to the question "Have you enjoyed using 
NODES?", a further 75% rated their enjoyment as 'OK'. Features of NODES 
which were particularly liked by stUdents in 1987 included the program's 
ease of use, the clarity of the graphical output and the ability to 
superimpose graphs. Features identified as being 'liked least' were 
difficulties in editing input data, the tendency for the program to 
'crash' easily and problems encountered when outputting graphs to the 
printer. 
In 1988, the CEE2 class used an updated version of NODES and 
subsequently completed questionnaire SQN2, the reuslts of which are given 
in Appendix 9. Student ratings for NODES, sUl!ll1\arised in Figure 6.2, 
clearly reflect the substantial improvements implemented for the 1988 
session, notably an easier method of editing equations, default values for 
parameters and a screen dump facility to print graphs. The program's 
ease of use and graphical output were again rated as its most liked 
features, whilst the lack of a proper queueing system for the printers and 
occasional run-time errors were the least liked. These would account for 
the relatively low rating for reliability in both years of the survey. The 
run-time errors, which were caused by 'printer busy' messages, proved 
difficult to overcome on the Econet network but were finally eliminated in 
a later version. 
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Figure 6.2: NODES - Students' Ratings (percentages) 
RELIII&ILJT'1 J 
2 
1 
4 
U5Ef-ULN~S~ . ~F ____ .3 
seUIN OUTM' . Z 
FLf.J<\61 LIT"f / ~~H'~ 
01= OPTIONS 
SAHP\.E ~Il£ ... 
-- _ .. 
.:.::: .. . :: , . 
. .. .. - .... 
. :::::: 1~ 
. .. ' 
So. ; . ~::: ~ .:.:. ~ 
. , .. -. .._ . 
. ' .... . . 
The students were asked to select reasons for which they would 
recommend using NODES. Table 6 .• shows the percentage of respondents who 
selected each reason in approximate descendinq order of frequency. It is 
interesting that, whereas, in 1987, only 25' of CEE1 (and .n of CEE2) 
felt that use of NODES could enhance th~ir understandinq of the solution 
of differential equations and systems of equations, in 1988, that 
percentage of the same group of students, now in CEE2, had risen to 68\, 
suggesting that further use of the package and, possibly, deeper 
reflection on the previous year's use, had caused them to change their 
minds on this issue. 
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Table 6.4: Reasons for using NODES 
student recommendation 
To obtain graphical solutions of d.e.s 
To investigate the effect on the solution 
of varying the method, step size, etc. 
To obtain phase plots of systems of d.e.s 
To determine and analyse the behaviour of 
a model 
To enhance understanding of solutions of 
1st-order d.e.s or systems of d.e.s 
To obtain numerical solutions of d.e.s 
To check hand calculated results 
To investigate the accuracy of numerical 
solutions 
No. of replies 
Percentage frequencies 
CEE1/87 CEE2/87 CEE2/88 
88 90 96 
69 90 78 
29 83 80 
63 45 74 
25 43 68 
45 57 38 
49 40 28 
14 14 28 
51 42 50 
Several students suggested the addition of a facility enabling the 
user to specify the x- and y-axis limits (over-riding the default values). 
This would overcome a problem in the CEE2 assignment where the default 
range of y-values did not allow the graphs of various different solutions 
to be superimposed. This facility has since been implemented. 
Some of the students' comments relating to their use of NODES are 
gi ven in Table 6.5. They illustrate the importance of the graphical 
output as an aid to understanding the solutions of the differential 
equations. 
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staff ratings of NODES in 1987 are given in Table 6.6. No program 
ratings were gathered in 1988. In 1989, two lecturers who had been using 
NODES for two or more sessions completed questionnaire LQN2. NODES was 
rated very highly by the two lecturers who evaluated it as follows: 
Ease of use 
Reliability 
Usefulness of output 
Flexibility/options 
offered 
Lecturer 1 
4 
4 
4 
4 
Lecturer 2 
4 
4 
4 
3 
Table 6.5: Student comments relating to NODES 
- You can see the problem more clearly when visually 
displayed 
- Easier to see how a function behaves 
- Brought to life the abstract ideas of Runge -Kutta 
- You can see what is happening 
- Shows how maths is related to real-life applications 
- The package helped me understand what (the solution to) 
a differential equation did and how it worked with 
respect to the initial values 
- Seeing the graphical solutions of equations helps to 
understand the equations 
- Shows how mathematical models behave under different 
conditions in a graphical format thus showing what the 
model does instead of just finding a solution 
Table 6.6: Staff NODES ratings 1987 
Usefulness Flexibili ty / 
Ease of use Reliability of output options 
Very highly 4 3 1 3 1 
3 0 1 0 2 
2 0 1 0 0 
Poor 1 0 0 0 0 
Sample size 3 3 3 3 
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The most liked features were the graphical solutions, the speed 
and the visual, self-explanatory nature of the program. other results 
from this survey, summarised in Table 6.7, show that the lecturers 
considered their use of NODES to have been very successful for 
investigati ve work and analysis of the behaviour of models. They both 
included computer-based work using NODES as part of the overall assessment 
for the class. 
The teaching objectives of NODES (Section 4.3) are: 
(i) to enhance student understanding of 
(a) solutions of ordinary differential equations, 
(b) numerical methods, 
(c) stability of systems; 
(ii) to facilitate investigation of numerical me thods for solving 
ordinary differential equations,in particular, different 
methods, the effect of varying step size and errors; 
(iii) to enable the testing of mathematical models of practical 
situations: 
(iv) to facilitate investigation of 
(a) the behaviour of a model, 
(b) stiff equations. 
Clearly, (ii), (iii) and (i v) (a) had been achieved whilst the outcome of 
(i) was still uncertain. As previously mentioned, however, 68% of CEE2 
recommended using NODES as an aid to understanding the solution of 
differential equations in 1988 (Table 6.4) and this finding is 
strengthened by stUdent comments (Table 6.5). This suggests that 
teaching objective (i)(a) had been . achieved also. 
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Table 6.7: NODES Evaluation 1989 
Degree of success 
Teaching Objective 
Lecturer 1 Lecturer 2 
To obtain graphical solutions Very successful * 
To obtain numerical solutions Very successful * 
To enhance understanding of the 
solution of 1st-order o.d.e.s Not sure 
* 
To determine and analyse the 
behaviour of models Very successful • 
To investigate the accuracy of 
numerical solutions • Very successful 
To investigate the effect on the 
solution of varying method, 
step size, etc, • Very successful 
Frequency of use 
supervised sessions 12 hours 5 hours 
student assignments 1 
classroom demonstrations 2 hours 
Support material used NODES NODES 
worksheets worksheets 
Used for part of overall assessment? Yes Yes 
Note: * program not used for this purpose 
6,3 Mathematical Sciences Laboratories 
At each of the 12 laboratory sessions which I attended the 
students were working through a set of exercises at their own rate, either 
alone or in pairs. The lecturer introduced them to the program to be 
used and , in some cases, led them through an introductory example, The 
topics being studied ranged from trigonometric graphs to integer 
programming using the branch and bound method, but, in all cases, the 
relevant theory had been covered in a recent lecture. 
In general, the students seemed to enjoy using the computers and 
were quick to gain confidence in using the various programs. In contrast 
-80-
to traditional tutorial classes they frequently entered the laboratory and 
started working before the lecturer arrived. This was particularly 
noticeable with the first year class, AC1. The 'settling down' period 
was short and, throughout the session, there was less casual conversation 
than usual. The students worked hard and made good progress through the 
worksheets. 
When working in pairs, there was usually some meaningful 
discussion about results. Results which were obviously incorrect 
generated most discussion as the students tried to discover what had gone 
wrong. Most students did not record their results unless told to do so. If 
discussion was lacking or a student was working alone, the lecturer could 
stimulate it by posing questions at an appropriate moment. Queries such 
as "Why does the graph have that shape?" or "What happens when 9 is much 
larger?" can force the student to draw conclusions or generalise. 
One laboratory session with ACl was unsatisfactory because the 
worksheet provided was a standard set of exercises, some of which could 
not be handled by the program. No experimental or investigative 
questions were included. 
On several occasions students suggested amendments or new 
facili ties which might be incorporated into programs. The lack of 
printer or plotter output caused frustration at times. 
During interviews in 1986 with a cross-section of students from 
classes AC1, SIS4 and CEE4 (Appendix 7), various suggestions were given 
for improving worksheets: 
( a) to include more explanation of the mathematics and perhaps an 
example of the use of the program, and 
(b) to include more investigative work. (This suggestion came from 
students who had used packages for which no specially prepared 
worksheets were available.) 
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Some students felt that worksheets should be given out in advance of the 
computer session as, on some occasions, most of the time in the laboratory 
had been spent reading and understanding the worksheet. 
Another suggestion was that an introductory session in the 
mathematical sciences laboratory be held at the start of the year to 
explain the facilities and packages available. Having sampled some of 
the facilities, they felt that there might be others which could also be 
of use to them and were frustrated by lack of knowledge but insufficiently 
experienced to find out for themselves. 
In the 1986 and 1987 questionnaires, SQl and SQ3, students were 
asked to suggest ways in which the organisation of the mathematical 
sciences laboratories could be improved. Replies are given in Table 6,8. 
Improvements implemented since this survey include: 
(i) March 1987: printing facilities improved 
(ii) December 1987: graph printing from GRAPH and NODES implemented 
(iii) January 1988: laboratory open-access time extended to include some 
evening time 
(iv) October 1989: full-time technician appointed. 
Table 6.8: Suggested improvements to the laboratories 
ACl SIS4 CEE4 
More help available 6 4 4 
More tutorial time 2 4 6 
Extend hours of opening 0 7 2 
Better printing facilities 0 8 9 
More desk space 0 2 8 
Better worksheets 6 0 1 
Graph-printing facility 0 1 6 
More computers 1 0 5 
Sample size 19 34 38 
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In annual surveys between 1985 and 1988, mathematics lecturers 
were asked to give details of their use of computer-based packages and to 
evaluate the laboratory facilities. In the 1985 and 1986 surveys, 
lecturers' recommended improvements to the laboratory included more 
computers, a better level of fittings (i.e. workbenches, chairs, etc.) in 
the laboratory, more software and worksheets, better printing facilities, 
in particular, hard-copy graphical output and more user guides. In 
addition, many amendments to specific programs were suggested. This high 
level of constructive comments in the early years of the laboratory 
suggested a keen interest by many members of staff and a willingness to 
tryout the facilities. 
package : 
One lecturer commented that the use of a 
" ..• allows students to do more investigations on their own 
allowing a change in emphasis in assessments from set 
exercises. II 
However, a common complaint was summed up by: 
"with large classes of 30-40 it is difficult to organise 
a laboratory session." 
The survey in 1987 followed the opening of the second laboratory and the 
addition of many more packages and worksheets. The most commonly 
suggested improvements in this survey were for permanent technical 
support, general instruction sheets for the use of packages and printers, 
hard-copy graphical output and a standard procedure for accessing and 
running programs. With the implementation of a menu-access program, 
graphical output to the printers and on-line help facilities later that 
year, good progress was made towards satisfying these requests. 
Table 6.9 shows that the GRAPH package was consistently the most 
frequent ly used program over the four years of surveys. The statistical 
program, MICROTAB, which, like GRAPH, is of a general nature and thus 
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Table 6.9: computer programs used 
computer Programs Number of users 
1985 1986 1987 1988 
GRAPH 8 9 11 9 
MICROTAB NjA NjA 9 7 
SURF NjA 1 6 5 
NEWTON 8 6 5 6 
LINPROG NjA 2 4 4 
OUEUE 2 3 4 1 
NODES NjA NjA 3 6 
NtJMINT 3 4 3 5 
Note: NjA program not available 
suitable for a wide range of purposes, was also well used though not so 
well liked. Use of most programs remained fairly constant or rose 
slightly. Use of both LINPROG and NODES increased each year after their 
introduction in 1986 and 1987 respectively. 
6.4 Student attitudes 
A general impression of the students' reactions to the 
introduction of computer-based learning packages in mathematics in 1986 
was gained from questionnaires SOO and 501 (Appendix 8). These reactions 
were examined more closely during interviews with ten of the students. A 
resume of the interviews is contained in Appendix 7. 
The first year students to whom I talked obviously found it 
difficult to articulate their feelings: the fourth year students were able 
to express their attitudes towards their course and towards learning 
mathematics much more clearly. 
Of the ten students interviewed, eight felt that the use of 
computers had contributed positively towards their course to varying 
degrees. Three students had made use of the laboratory in their own 
time. Most of those students who enjoyed using computers would welcome 
more investigative work in the laboratory. All the first year students 
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wanted more time spent both on suprvised sessions and on assignments to be 
completed in their own time. 
students' comments relating to the use of computers in assisting 
the learning of mathematics, which are given in Table 6.10, highlight the 
importance of graphical output and the ease with which experiments can be 
carried out. Three fourth year students emphasised that they found 
writing their own programs on the BBC micro very helpful as it "forces you 
to understand" the problem. 
Two female students in SIS4, who both enjoy mathematics, did not 
perceive computers as being useful towards their learning; they both gain 
their satisfaction in mathematics from working through a problem and 
getting the correct answer, like solving a puzzle. Neither mentioned 
Table 6.10: Student comments relating to computer-aided learning 
I learn by doing and like experimenting. 
It helps understanding and makes the notes clearer. Graphics 
output helps. I learn by doing. computers are fascinating. 
They allow 'what if' questions. 
I don't like mathematics but enjoy using computers in mathematics. 
You can work at your own pace. 
Useful for solving problems relevant to the work being done. 
Packages allow you to tryout things and experiment to see what 
happens if things are varied. 
Experimenting with different parameters helps as it would take a 
long time to perform enough examples by hand to reach conclusions. 
They present the data in logical steps, present data graphically 
and inform on mistakes. . 
As long as methods are understood, then mundane calculations are 
removed. Graphical outputs are useful. 
Solving hard problems in the laboratory helps me to solve easier 
ones by hand. 
computers are good for guiding you through a problem. 
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experimenting or investigations. One objected that the computer doesn't 
show how it gets its answers: "I must know what is happening". The other 
student, who was older than average, had no confidence in computers or the 
output from programs. Initial experience of computing in first year was 
discouraging and she had never really recovered. 
The first questionnaire, SQO, showed that most of AC1 considered 
themselves of average mathematical ability and had a moderate enjoyment of 
the subject. Very few had much previous experience of using computers 
though most thought that they would be a very useful aid towards learning 
mathematics. The 5154 and CEE4 stUdents showed more enthusiasm for 
mathematics, and had all used computers at college previously and written 
programs of their own. Enjoyment of computing was mixed, but about 
two-thirds considered that computers can be a useful aid towards t he 
learning of mathematics. 
There was a poor response to the second questionnaire in 1986. It 
was given out too late in the session, after the end of formal classes, 
and there was no further opportunity to see the students collectively to 
recei ve completed forms or issue reminders. It cannot be assumed that 
those stUdents who did respond were either a representative or a random 
sample, therefore data from this questionnaire referring to enjoyment of 
the use of computers has been ignored. Results from questionnaires SQ3 
and SQ4 which stUdents in S1S4 and CEE4 were asked to complete in 1987 and 
1988 are contained in Appendix 8. Figure 6.3 illustrates that, in 1987, 
the percentage of stUdents who enjoyed using computers in mathematics 
'very much' at the end of the academic year was greater than those who 
enjoyed using computers 'very much' at the start of the year. Further, 
only 8% did not enjoy using computers in mathematics at all, compared with 
30 % at the start of the session who did not like using computers. 
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Figure 6.3: Students' enjoyment of use of computers 
start of session End of session 
students surveyed in 1986 and 1987 were asked: "In what ways, if 
any, do you think computer packages he lp you in mathematics?" The most 
frequent responses from these surveys are shown in Table 6.11. The 
resul ts in this table were used to compile a list included in the 1988 
questionnaire to S1S4 and CEE4 (5Q4). The students were asked to name 
particular packages which had helped in any of the ways shown. The most 
frequently mentioned packages were L1NPROG, SURF (3-D function plotting), 
GRAPH (2-D function plotting), E1GEN (numerical approximations of 
eigenvalues, used by 5IS4), and QUEUE (queue simulation, used by CEE4). 
The responses, summarised in Table 6.12, are given as percentages of the 
number of students in the class or classes using the particular package. 
L1NPROG achieves the highest score in all but one category. Its score is 
significantly higher than that of the other programs for "Better 
understanding of a topic", "Solving problems", and "Checking results", and 
equal to the score of the two function plotting programs for helping the 
user "To visualise a solution more clearly". In the same survey, 6 out 
of 28 students thought that the use of computer packages was a ' very 
useful' aid to learning mathematics, and a further 14 felt they were a 
useful aid. 
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Table 6.11: Ways in which computer packages help 
AC1 SIS4 CEE4 
Less arithmetic 2 11 12 
Visual display aids understanding 2 6 6 
Experimenting with different 
parameters •••. 2 6 14 
.••• leading to greater 
understanding 0 0 3 
Quick solutions allow more 
problems to be tackled 0 7 9 
Reinforcement of theory 0 2 3 
Working at own pace 0 4 2 
solving realistic problems 1 9 5 
Working step-by-step through a 
problem with mistakes corrected 0 0 6 
Checking tutorial answers 0 0 6 
Sample size 19 34 38 
Table 6.12: Computer packages as an aid to learning (percentages) 
How package helps LINPROG SURF GRAPH EIGEN QUEUE 
Better understanding of a topic/ 
algorithm/method 43 21 18 27 18 
Able to visualise solution more 
clearly 54 43 54 36 24 
Solving problems 61 36 36 45 29 
Experimenting/investigating 36 32 29 18 35 
Working at own pace 39 29 29 9 41 
Checking results 64 25 29 9 35 
Sample size 28 28 28 11 17 
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6.5 Summary of the formative evaluation 
LINPROG 
LINPROG was used with a class by four different lecturers during 
the survey period. It was rated highly or very highly for its ease of 
use, reliability and usefulness of output by all the lecturers who had 
used it. The package was used for all its intended teaching objectives, 
namely: 
(a) to enhance student understanding of linear programming and, in 
particular, the Simplex method: 
(b) to facHi tate problem solving which involves the use of linear 
programming: 
(C) to encourage investigative work, in particular, post-optimal 
analysis. 
Students in two classes were asked to rate LINPROG for the same 
attributes as the lecturers. It was rated highly or very highly by about 
50% of the students in 1986 and 1987, and by over 75% in 1988. The 
usefulness of its output was rated higher than the other characteristics. 
student comments highlighted the role of LINPROG as an aid to 
understanding both the Simplex method and the branch and bound method. 
One disadvantage mentioned by both staff and students was the lack 
of a facility to delete a constraint. It would appear that some way must 
be found to include this facility in a future version of the program. 
NODES 
The three lecturers who used NODES in 1987 rated it very 
favourably, particularly for its ease of use and the usefulness of its 
output. Graphical solutions were pinpointed as the most liked feature. 
Evaluation by two lecturers in 1989 revealed that NODES had been 
successfully used in the following ways: 
(a) to obtain graphical solutions: 
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(b) to obtain numerical solutions: 
(c) to investigate the accuracy of numerical solutions; 
(d) to investigate the effect on the solution of varying the method, 
step-size, etc.; 
(e) to determine and analyse the behaviour of models. 
student ratings of NODES were less favourable in 1987 but improved 
greatly, with the exception of reliability, in 1988. More than 
two-thirds of the students would recommend using NODES for (a) and (d) 
above, and one half for (e). In 1988, 68% recommended its use as an aid 
to understanding solutions of differential equations. Student comments 
emphasise the important part the graphical output plays in assisting their 
understanding of the solution and of the behaviour of a model. criticisms 
related mainly to difficulties in using the printers to obtain hard-copy 
graphical output. This facility and the general reliability have been 
improved in later versions. 
All the teaching objectives have been successively achieved with 
the following exceptions which have yet to be tested: 
( i ) to enhance student understanding of numerical methods and the 
stability of systems: 
(ii) to facilitate investigation of stiff equations. 
Both LINPROG and NODES have been used for computer-based student 
assessments. 
Mathematical sciences laboratories 
Most students enjoy using computers in the mathematical sciences 
laboratories because there is less tedious arithmetic and they like 
investigative work. They find graphical output easier to intepret than 
numerical output. A few students dislike computers, in some cases 
because of bad experiences early in their college course. 
In response to student demands, open-access hours to the 
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laboratories have been extended. Many students were critical of the 
printing facilities and the limited help available in the laboratories. In 
addition to these complaints, lecturers requested more software and 
worksheets. The range of software and worksheets has steadily been 
expanded, more technician help is now available and printing facilities 
have been improved. Many modifications and extensions suggested by staff 
and students have been incorporated into programs and worksheets. Staff 
were also concerned about difficulties in accommodating large classes. 
One solution to this problem has been to set more computer-based 
assessments to be completed by the student during open-access time. 
Findings presented in this chapter from questionnaires and 
interviews provided a base from which to develop a summative evaluation of 
the computer packages. The main aims were to examine the overall impact 
on the mathematics curriculum and to evaluate the learning experiences of 
the students. 
In general, students react favourably to new approaches to 
learning but, once the novelty value has worn off I will they still be 
enthusiastic and judge it worthwhile? This issue, too, was investigated 
further. The results are presented in the next chapter. 
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CHAPTER 7 
Results of the Sununative Evaluation 
7.1 Introduction 
The study of the impact on the mathematics curriculum resulting 
from the use of computer-based packages examined changes from three 
viewpoints: 
(i) the teaching approach, 
(ii) the emphasis and content of the curriculum, and 
(iii) methods of assessment. 
From the students' perspective, the effect on their learning 
experiences and attitudes was investigated. Finally, the feasibility of 
transfer of the learning packages developed to other higher educational 
establishments was studied. 
7 .2 Teaching approach 
Changing approaches to teaching mathematics were monitored by 
annual questionnaires to lecturers in the Department. The number of 
lecturers using the laboratories for teaching purposes increased steadily 
over the survey years (Table 7.1). The number of staff based at the t wo 
campuses covered by the surveys, Merchiston and Craiglockhart I increased 
by three over this period. The opening of a second laboratory at 
Craiglockhart early in 1987, in response to demands for additional 
computers, accounts for large increases in use in 1987 and 1988. It is 
very likely that those lecturers who did not return their questionnaires 
had made no use of the laboratories. This small number have continued to 
make no use of the computer-based facilities despite several departmental 
workshops and encouragement by the Head of Department. 
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Table 7.1: Number of staff using laboratories 
Type of use Number of lecturers 
1985 1986 1987 1988 
(a) For a formal class meeting 7 11 13 14 
(b) By setting student assignments 3 6 12 10 
OWn use 9 10 9 12 
Not at all 1 1 1 1 
Number of questionnaires issued 15 17 18 18 
Number of replies 12 16 14 15 
The frequency of use of the laboratories for supervised class 
sessions is summarised in Table 7.2. By estimating the average number of 
hours of use per month for each frequency category, as shown in the table, 
the total number of hours use can be approximated. The monthly total 
rose in the second and third years. The slight decrease in the final 
year is not significant, given the crude system of measurement. More 
detailed analysis of the figures reveals a gradual shift towards more 
frequent use over the first few years, as would be expected. A new user 
is likely to approach the laboratory cautiously at first to experiment 
with new ideas by himself before introducing them to his students, perhaps 
to one class in the first year, and to additional classes in subsequent 
years. Of course, not all computer-based learning/teaching will be 
judged to have been successful or worthwhile. Thus a certain amount of 
consolidation takes place which could account for the levelling-off in 
1988. 
Table 7.2: Use of laboratories for formal class meetings 
Average Number of lecturers 
Frequency of use hrs/month 1985 1986 1987 1988 
More than 2 hours per week 10.0 1 1 2 1 
1-2 hours per week 6.0 2 4 3 3 
1-4 hours per month 2.5 2 2 4 7 
Less than 1 hour per month 0.5 2 4 4 3 
Estimated total hrs/month 28 41 50 47 
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Of even more interest, perhaps, are the reasons why lecturers 
choose to use the laboratories (Table 7.3). The three most frequently 
named reasons were: 
to reinforce/enhance understanding of an algorithm/method 
as a means of solving more realistic problems 
to carry out investigations and/or experiments, 
Of those lecturers who used computers for any of their teaching, the 
percentage selecting each of these reasons increased between the years 
1986 and 1988. This coul d indicate a growing awareness among these 
lecturers of the potential of computer-based packages to improve these 
aspects of their teaching, Other reasons mentioned were for student 
projects, to motivate non-mathematically inclined students, 
preparation of classwork and to provide 'hands-on' experience, 
Table 7,3: Lecturers' reasons for using the laboratories 
Number of lecturers 
Reason 1985 1986 1987 1988 
An improved teaching method 6 - - -
To reinforce/enhance understanding 
-
8 10 13 
To solve more realistic problems 5 5 8 10 
Investigative work 6 8 12 13 
To set student assignments using 
packages 2 7 9 5 
Student programming assignments 0 1 1 2 
Total nO,of lecturers using labs, 7 11 13 14 
for 
Reasons for not using the laboratories as often as they would have liked 
are summarised in Table 7,4, The most frequently given reason was that 
the class size was too large . Some lecturers were able to overcome this 
problem by setting computer-based assignments to be completed in the 
student's own time, Generally, the class would be split into manageable 
groups who would be given an introductory session in the laboratory, The 
assignment would then be completed in the student's own time during 
open-access, It is interesting to note that the number of positive 
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replies to the first five reasons listed increased annually. This 
suggests that the desire t o use the laboratory facilities was growing at 
an even greater rate than the actual usage. Physical and practical 
considerations limited the potential use of the laboratories, with large 
class sizes and insufficient class time being the most difficult obstacles 
to overcome . 
Table 7.4: Reasons for not using the laboratories 
NUlIlber of lecturers 
Reasons 1985 1986 1987 1988 
Class size too large 1 5 7 8 
Appropriate software not available 2 4 4 5 
Worksheets not available 1 2 3 3 
Insufficient class time 0 2 5 9 
Laboratory already booked 0 3 0 4 
Laboratory out of order 0 0 6 4 
Teaching at another site 4 9 2 1 
Further detailed information was obtained from extended informal 
interviews with five lecturers from the Department of Mathematics in 1989 
(Appendix 10). All those interviewed had been using computers to assist 
their teaching for several years. They had, therefore, had time to 
develop and evaluate (informally) their new teaching approaches and to 
reflect upon the value and effectiveness of computer-based learning. 
All the staff interviewed stressed that the use of computers i s 
integrated into their lecture programme. Laboratory sessions most often 
replace conventional tutorial classes but, in some cases, they take the 
form of laboratory lectures. One lecturer explained that all his time 
with some classes was timetabled in the laboratory. There was then no 
distinction between lectures and tutorials, and computers could be used 
whenever appropriate. All the lecturers relate work being done in class 
to packages available in the laboratories. If there is insufficient time 
to use a package during class time, the students are encouraged to go and 
try it out for themselves. There is evidence from both students (student 
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interviews, 1986, Appendix 7) and lecturers that some students did use the 
packages in their own time. Referring to his first year physics class, 
lecturer B said he had "broken the barrier". The students were "quite 
familiar with the lab. and happy to use it" both for mathematics and to 
assist their physics assignments. Several of the staff felt that 
lectures were becoming less formal with more participation from the 
students. This was achieved, in one case, by the use of courseware 
booklets based on MINITAB and, in another case, by using I interacti ve 
handouts' which the students completed as the lesson proceeded. Lecturer 
C used a computer-illustrated textbook (Bowman and Robinson, 1987) as the 
basis for a course in statistics. At appropriate points in the text, the 
student is invited to use the accompanying software to illustrate the 
topic being studied. Spells of working through the textbook as a whole 
class were interspersed with periods when the students worked 
individually, or in pairs, at the computer. Most lecturers also used other 
resources such as videos to assist their teaching when appropriate. 
The interviews confirmed the reasons given in questionnaires for 
using computer packages (Table 7.3). Lecturer A commented that, with 
recent developments in hardware and software, it was difficult to see how 
one could avoid using computers. He uses packages to reinforce ideas and 
to explore them further, for example, with numerical integration. More 
use is made of graphical output and more time is spent on experimental and 
investigative work. 
Students spend their time in the laboratory doing more interesting 
things according to lecturer C. Investigations are presented in an 
open-ended way to encourage students to take them as far as they like. In 
this way, there should be a greater challenge for more able students, but 
only two lecturers felt that this was being achieved. 
Three interviewees stressed the advantages of graphical output as 
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an aid to understanding. For example, when finding stationary values of a 
function of 2 or more variables, students can use a 3D graphical package 
to draw the surface and thus obtain a visual check of the minimum or 
saddle point previously located using calculus. 
"This boosts their confidence ...• and makes it more interesting 
It is easy for students to follow the recipe for 
obtaining and classifying stationary points - but they 
forget what they are really doing." 
Supervised laboratory sessions entail harder work for the teacher 
as they involve continual interaction with students, usually one or two at 
a time. The lecturer asks more questions of the students than he or she 
would do in a conventional classroom setting and students are more 
responsive. 
"The awareness of the facilities leads one to .... pose more 
questions", for example, "as to what the graph of a function 
looks like." 
Questions asked by the lecturer in the laboratory may also be more 
complex and take longer to respond to. Lecturer B indicated that the 
questions asked are more demanding conceptually. He uses questions to 
probe understanding. For example, the idea of steady state is difficult 
to get across analytically, but is obvious when seen graphically on a 
computer. 
"That is one (concept) I would always query them about 
particularly when you get a steady state being an 
oscillation instead of a horizontal line. What has it 
got in common with the previous steady state? What has 
it got different? These are questions I wouldn't really 
ask analytically. They would be too tied up with the 
maths to think about it .... I rely heavily on the 
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graphical output." 
Lecturer F pointed out that there can be more support for weaker 
students as the lecturer can keep prompting the student to interpret 
hisjher results. Another claimed: 
"There is not as big a difference between the weaker student 
and the stronger student in the laboratory •••• I have also 
noticed that some of the weaker students analytically often 
do better in the laboratory because they realise that there 
is something here that they can come to grips with and they 
take it very seriously." 
Investigati ve work, the use of graphical output and appropriate 
questioning by the lecturer can, therefore, all contribute towards 
improved understanding of mathematical concepts by the students, thus 
enhancing the quality of their learning. 
All the staff interviewed enjoy teaching more as a result of using 
computers. There is less drudgery and it is more interesting. It can 
also generate interesting discussions with students on points which would 
not have arisen otherwise. Some explained how using computers had 
affected aspects of their own attitude towards mathematics. One felt 
that her understanding of the practical side of handling data had 
benefitted, whilst another has found that certain topics, such as the 
phase solutions of differential equations, have become much more alive and 
meaningful as a result of the new graphical approach. Several teachers 
mentioned that they sometimes feel hampered if a computer is not available 
when they are teaching. 
Computer-based learning passes more responsibility to the students 
who can work through an algorithm or method at their own pace and return 
to the computer as often as they wish. They can explore topics further, 
experiment with parameters and choose from a variety of outputs. In 
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general, co-operation between students in the laboratory is seen as a good 
thing. Three lecturers actively encourage students to work in pairs on 
the computers, whilst the others prefer them to have a machine each but to 
confer freely. 
7.3 Emphasis and content of the curriculum 
The use of computers in the teaching of mathematics affects not 
only how some topics are taught but also what is taught. In the past, 
numerical analysis consisted solely of learning techniques. Two 
lecturers now use NODES to investigate numerical methods for solving 
single and systems of differential equations. For example, students no 
longer work through many examples using the 4th-order Runge-Kutta method 
by hand, but do spend more time on error analysis which is more easily 
understood using graphical output from NODES. Students now also study 
the stability of numerical methods, using NODES to investigate the 
solution as the step length varies. 
Techniques are played down and there is more emphasis on 
applications which can be explored with the help of a computer package. 
NODES has been used very effectively to investigate the behaviour of given 
mathematical models which would not be possible without computers. The 
SIS5 syllabus has changed significantly. Differential equations now form 
almost two-thirds of the course whereas, formerly, they occupied 
one-third. Far more time is spent investigating models and applications. 
More discrete mathematics such as non-linear difference equations (leading 
to chaos) is also covered. Leslie matrices, which are a related idea, have 
been reintroduced to SI55 because the difficult mathematics can be done by 
computer. These two topics now make up the remaining third of the course 
and stochastic processes have been dropped. With other classes lecturer 
B has initiated the use of computer algebra packages to enable students to 
do mathematics that they could not otherwise do, thus showing the power of 
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such packages. 
Lecturer C uses time saved on computation within a topic to extend 
the topic. The students 
"are still learning all the things they learned before •.•. 
but are not endlessly applying algorithms and techniques." 
For example, in linear programming, whereas students used to spend a lot 
of time solving a few examples by hand, they now solve more problems using 
LINPROG, devote more time to the formulation of the problems and are 
introduced to post-optimal analysis. The use of computer packages allows 
students to solve problems which would take far too long to do otherwise, 
such as integer programming problems using the branch and bound method. 
Lecturer C claims that this is a particularly successful use of computers 
which combines the use of a package (LINPROG) to solve all the 
intermediate linear programming problems with pen and paperwork to 
construct a tree diagram. Both 5I54 and CEE4 classes have benefitted 
from using LINPROG in this way. 
The use of computer packages in the teaching of statistics is well 
established at Napier. Two of the staff interviewed are primarily 
involved in teaching statistics, and lecturer F has developed courseware 
booklets based on the use of MINITAB. Both lecturers indicated that 
about 50% of tutorial time is spent in the computer laboratory. Lecturer 
D disclosed that a few years ago he tended to use computers too much and 
too soon but he feels he has achieved a better balance now. Use of 
packages such as MINITAB enables realistic data sets to be accessed, 
eliminates tedious arithmetic and allows the student to do more. 
The use of computer packages has led to some topics being 
approached in a completely new way, starting from data rather than 
starting from the theory. The balance of importance between topics has 
changed with more emphasis being placed on regression and hypothesis 
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testing. wi thin topics the balance has shifted from calculation to 
understanding and interpretation of results. students now use real 
data for project work, often gathered from their own discipline (e.g. 
biology, chemistry, business studies) and then analysed using statistical 
packages. 
The use of computer packages has enabled more of the educational 
objecti ves at the upper end of Bloom's taxonomy to be achieved. It is 
evident that, by involving students in more investigative work and analysis 
of models, NODES and LINPROG, in particular, have been used to enhance and 
extend the quality of their learning experiences. 
7.4 Assessment 
Interview data revealed a trend towards the use of more 
computer-based assignments as part or all of the assessed coursework 
replacing class tests. This seems to be the most appropriate way of 
assessing computer-based work at present. The engineering applications 
component of the mathematics course for the Communications and Electronic 
Engineering degree now comprises a computer-based investigation of a 
mathematical model, as described in section 5.4. For many courses changes 
in methods of assessment require the approval of a multi-disciplinary 
course team. Lecturers from other departments have sometimes been 
reluctant to relinquish formal mathematics tests in favour of 
computer-based assignments to be completed in the student's own time but 
such opposition is gradually diminishing. An innovation tried in the 
1989/90 session, for such a course, was a formal computer-based assessment 
in the laboratory during a timetabled session. 
Lecturer B has introduced a system with some classes whereby all 
laboratory tutorials are assessed and contribute towards an overall 
coursework mark. His worksheets contain blank spaces for answers to 
specific questions which the students complete and hand in at the end of 
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the session. 
"The students always work in pairs. They prefer it and I 
encourage it because they learn more. It is more difficult 
to assess but it is primarily a learning situation rather 
than an examination situation and I want them to learn as 
much as possible." 
Occasionally he sets a more extended assignment which may be completed 
over two or three sessions, but he tries to avoid asking them to write 
lengthy reports as he feels many classes are already overburdened with 
coursework. other lecturers see report writing as an important part of an 
assignment, encouraging communication skills and reflection upon results. 
TWo lecturers have also used computer-generated data or tests for 
assessed coursework. According to lecturer D, this reduces "coursework 
by committee. Students can discuss the work with each other but not copy 
results." 
The content of examination questions has been slowly changing as 
a result of the wider use of computers. This trend is most marked in 
statistics, where a paper can now include several pages of MINITAB output. 
The student might be required to analyse data or interpret results by 
extracting information from the computer print-out. In linear 
programming problems a question might include several tableaux of the 
solution by the Simplex method and the student be asked to pick out the 
solution and interpret it. Students are no longer asked to perform a 
numerical method such as 4th-order Runge-Kutta by hand in an examination 
if they have used NODES to investigate the method in the laboratory. 
Instead, more conceptual questions, concerned with the behaviour and 
accuracy of the method, would be asked based on their laboratory work. 
7.5 Student attitudes 
All the lecturers interviewed agreed that a few students do not 
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like using computers but the majority enjoy it and, as a result, are more 
interested and attentive. "Their abUi ty to communicate improves 
dramatically", and they become more mathematically confident. Some 
students show more desire to experiment; NODES is particularly good for 
this. Their investigative skills improve, probably because they spend more 
time talking about the problem and solutions. They are not in so much of 
a hurry to get to the computation, which used to be the time-consuming 
stage, since the computer now takes care of that, and thus spend more time 
thinking. If their formulation is wrong, less time has been wasted and it 
doesn't take long to get a new solution. The mathematics students tend 
to ask more questions and discuss more with each other. At first, the 
questions are mainly concerned with the operation of the computer and the 
package but, later, they are interested in the meaning of the results. 
Whereas students in classes 5154 and CEE4 used the mathematical 
sciences laboratory mainly for supervised sessions and had little or no 
computer-based work assessed in the years 1986-88, the CEE1 and CEE2 
classes who were surveyed in 1987 and 1988 used the laboratory primarily 
in their own time for an assessed computer-based assignment. Results 
from student questionnaires reveal that 67% of the latter group, but only 
52% of the former group, thought that some computer work should be 
assessed. The higher percentage of the group who were assessed being in 
favour of such assessment may be due to the amount of effort required to 
complete their assignment or may reflect satisfaction with this form of 
assessment. Figure 7.1 shows that the majority of stUdents preferred to 
work co-operatively at the computer, but students in the assessed group 
were more likely to work alone. 
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Figure 7.1: Preferred mode of working at computer 
0.\ on~ 
(i) non-assessed group (ii) assessed group 
Interviews with three students from CEE2 in March 1988 provided 
more insight into these students' learning experiences (Appendix 11). This 
class used NODES to carry out an engineering applications assignment to 
investigate the Van der Pol oscillator I including the study of limit 
cycles. The students exhibited different approaches towards the 
computer-based exercise. 
Student A enjoyed investigating the mathematical model and 
diligently produced a great many hard-copy graphs I many of which he did 
not use for his written report. The graphical output was an important 
factor in his understanding of the model but he found it difficult to 
write the report. He did not consider the sub ject matter relevant to his 
course. 
Student B was very enthusiastic about the investigative aspects of 
the assignment and the use of NODES. He also appreciated the wider 
relevance of the exercise and would not expect the model chosen for 
investigation necessarily to have been covered in classwork. There is 
"no point in knowing all the theory and how to solve all the equations if 
you've never come across practical applications". He considered the 
report writing stage important as it forced him to draw conclusions about 
his laboratory work. He believed that the standard of his report writing 
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had improved since last year. This was due both to more practice and 
greater knowledge enabling him to describe the behaviour of the model in 
more mathematical terms and relate computer results back to the physical 
model. This student exhibited a holistic approach to learning. 
By contrast, student C spent a long time doing background reading 
and writing up the assignment, but the minimum amount of time in the 
laboratory. He saw no benefit in using computer packages in the 
mathematical sciences laboratory and did not enjoy or cope well with any 
computer-based work. He did not consider it to be as important as 
'examinable ' topics and therefore did not devote much time to it. His 
priority was to attain a good overall assessment. He had no interest in 
the assignment and did not consider it a useful or relevant exercise. He 
believed that this view was shared by the majority of his class. 
Data from the 1988 questionnaire completed by 50 students in this 
class (SQN2, Appendix 9) do not corroborate this opinion. The 
questionnaire findings show that: 
73% of the class found 'investigating a model' interesting, 
39% found it enjoyable, and 
60% found it useful towards the rest of their course. 
Only 12 % found report writing interesting, and even less found it 
enjoyable, but 40% considered it to be useful towards the rest of their 
course. 
64% of the class (all male) enjoyed mathematics (rated 1 or 2). 
Only 26% said that the use of computer packages contributes towards thei r 
enjoyment of mathematics and 16% said it didn't contribute at all. 
However, 61% thought that the use of packages enhanced their understanding 
of aspects of mathematics, the most commonly cited aspects being the 
behaviour of mathematical models and being able to study the solutions of 
differential equations graphically. 
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student attitude surveys 
Information for the 1989 LINPROG and NODES attitude surveys 
(Appendix 4) was coded as follows. statements with which agreement 
implies a generally positive attitude were coded: 
strongly agree 5 
Agree 4 
Not sure or doesn't apply 3 
Disagree 2 
Strongly disagree 1 
For the remaining statements, agreement with which signifies a negative 
attitude, the scoring was reversed so that 5 represented 'strong 
disagreement' and 1 'strong agreement'. In either case, a score of 3 
indicates 'Not sure or doesn't apply'. Another lecturer was asked to 
categorise the statements as positive or negative independently to confirm 
the groupings shown below: 
Program Positive statements Negative statements Neutral 
(coding reversed) 
LINPROG 1,3,4,6,8,9,11,12, 2,5,7,10,13,15 17 
14,16,18 
NODES 1,3,4,5,7,9,10,12, 2,6,8,11,15,16 19 
13,14,17,18,20 
The surveys were then analysed using the MINITAB statistical 
package. For the LINPROG survey, scores for the 18 statements were read 
into 18 data columns, each row representing one student's score. 
Similarly, the NODES data were read into 20 columns, one for each 
statement in the survey. Each column thus contained all the scores for a 
single question, whilst each row held the data for a particular student. 
One drawback to using a Likert scale for attitude measurement is 
that identical' total row scores may be obtained in different ways and may, 
therefore, have different meanings (Oppenheim, 1966). 
therefore, to look at the pattern of responses also. 
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It is important, 
Results for LINPROG 
The coded survey data for LINPROG is given in Appendix 12. The 
following statements had the highest column sums, thus showing the 
strongest agreement or disagreement: 
strong agreement 
16 Similar computer programs should be used to enhance the learning 
of other topics 
1 I enjoyed using LINPROG 
12 Using LINPROG made the topic more interesting 
14 Knowledge of linear programming techniques would be useful when 
working in industry or commerce 
Strong diaagreement 
2 I couldn't understand what the program was doing 
10 I had difficulty using LINPROG 
Row sums were calculated omitting the neutral column 17. The 
stem and leaf diagram (Figure 7.2) shows that 73% of those surveyed have a 
generally positive attitude towards the use of LINPROG. 
showed a slightly negative attitude. 
Only one stUdent 
Figure 7.2: student attitudes towards use of LINPROG 
Attitude Stem Leaf 
Minimum 17 
Negative 
4 9 
--- Neutral 51 ------ -- 5 --- - 1 1 1 2 2 2 2 ----
5 5 7 7 7 7 8 8 8 8 
positive 6 0 0 1 2 2 3 
6 5 5 6 7 8 
Strongly positive 7 1 2 
Maximum 85 
Notes : (i) N = 30; leaf IInit = 1 
(ii) RolVS lVith one item missing have rolV mean added to rolV sum 
(iii) RolVS lVith more than one item missing have been omitted 
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A principal component analysis of the responses of the 28 students 
(omitting those with data items missing) to the 18 survey statements was 
used to identify possible relationships between statements (Appendix 12). 
The first principal component of the analysis shows a 23% variation 
between students, attributable mainly to statements: 
3 Using LINPROG helped me to understand the Simplex method 
4 Using LINPROG helped me to understand the concept of duality 
7 I learn more by working it out by myself on paper (reversed) 
9 LINPROG reinforced my understanding of linear programming 
11 Using LINPROG helped me to understand the branch and bound method 
for integer programming 
12 using LINPROG made the topic more interesting 
15 I am only really interested in passing my exams (reversed) 
16 Similar programs should be used to enhance the learning of 
other topics. 
This group contains all the statements which relate to 
understanding aspects of linear programming and the algorithms used and 
also statements which imply an active interest in the subject and course. 
This suggests that those students who felt that their understanding of 
aspects of linear programming was improved by the use of LINPROG were also 
well motivated generally. An analysis of the scores for the questions 
relating to understanding is given in Figure 7.3. 
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Figure 7.3: LINPROG as an aid to understanding 
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Results for NODES 
The coded survey data for NODES is gi ven in Appendix 12. Row SWl1 
t otals, indicating overall attitude, have been calculated by summing al l 
col umns except 4 and 19. Statement 19 concerns preference for single or 
group working. Twenty out of twenty-five respondents scored 3 ('Not sure 
or doesn't apply') for statement 4, and it was subsequently confirmed that 
neither class had studied stiff equations. since 18 statements have thus 
been used to estimate overall attitude, a score of 18 x 5 ~ 90 is the 
maximUll possible score, 18 x 1 - 18 is the minimUll and 18 )( 3 • 54 
indicates a neutral attitude. The stem and leaf diagram (Figure 7.4) 
indicates that, with one exception, all the students showed an overall 
posi ti ve attitude towards the use of NODES in their mathematics course, 
with 16% express i ng a strongly positive attitude. 
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Figure 7.4: Student attitude towards use of NODES 
Attitude Stem Leaf 
Minimum = 18 
3 9 
Negative 4 
4 
--- Neutral = 54 ---- -- 5 --- --------------------
5 8 
positive 6 0 1 1 1 2 2 3 4 
6 555 5 5 7 8 8 8 
7 112 
strongly positive 7 6 7 
8 4 
Maximum = 90 
Notes: (i ) N = 25; leaf unit = 1 
(ii) Rows with one item missing have row mean added to row slim 
Examination of the responses to individual statements revealed 
t hat the strongest agreement or disagreement was with the following: 
s trong agreement 
10 Graphical solutions of differential equations are easier to 
understand than numerical values 
14 Investi gating a model using NODES is a useful exercise 
18 Similar programs should be used to enhance t he l earning of other 
topics 
17 Experience of investigating mathematical models would be useful 
in industry 
1 I enjoyed using NODES 
9 I like to experiment with different parameters in the program 
and see how they affect the solution 
13 Using NODES made the subject more interesting. 
s trong disagreement 
11 I had difficulty using NODES 
2 I couldn't understand what the program was doing. 
A principal component analysis of the 20 questions in the NODES 
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survey was carried out to explore possible relationships between groups of 
statements (Appendix 12). A summary of the information gained is given 
below. 
The first principal component of the analysis accounts for 32% of 
the variation between students. The statements contributing most to this 
variation were: 
14 Investigating a model using NODES is a useful exercise 
17 Experience of investigating mathematical models would be useful 
in industry 
12 NODES reinforced my understanding of the behaviour of solutions 
to differential equations 
9 I like to experiment with different parameters in the program 
and see how they affect the solution 
13 Using NODES made the subject more interesting, 
and to a lesser extent: 
16 I am only really interested in passing my exams (reversed) 
15 I did not learn anything new about solving differential equations 
(reversed) 
3 Using NODES helped me understand numerical methods for solving 
differential equations 
18 The program was user friendly. 
These nine statements can be classed as: 
(i) concern with the usefulness or relevance of using NODES or 
similar packages (14,15,17): 
(ii) showing interest in the subject being studied and the course 
(9,13,16) : 
(iii) acknowledgement of its role in reinforcing understanding of 
aspects of differential equations (3,12). 
Students who scored highly on this set of statements would be exhibiting 
an overall positive attitude towards their course in general, and the use 
of NODES in particular. Since most of these statements received high 
overall scores in the survey, this supports the finding that a large 
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proportion of the students surveyed exhibited a posi ti ve attitude. For 
this group of students the main benefits accruing from their use of NODES 
could be summed up as follows: 
Investigating a model using NODES and experimenting with 
different parameters to see how they affect the solution 
is an interesting and useful experience. 
7 .6 Transfer to other institutions 
Dundee College of Technology 
Evaluative data for LINPROG were gathered from students and their 
lecturer at Dundee College of Technology in 1988, as described in section 
5.6. This third year B.Sc. science class used LINPROG to reinforce their 
study of the Simplex method for solving linear programming problems. 
At the observed session in February, 1988, nine students were 
present, five female and four male. TWo students shared a terminal, 
whilst the others had one each, but all were seen to be collaborating 
roughly in pairs throughout the two-hour session. The class had a 
hand-out explaining the Simplex method, but had not previously worked 
through any examples by hand. They were, in effect, using the program to 
learn the method, although they did understand terms such as slack 
variables, basic feasible solution, etc. After the lecturer had guided 
them through the procedure to set up the initial tableau, the students 
worked through examples on a given sheet (prepared by the lecturer) using 
the 'tableau by tableau' option. 
The students had few difficulties with the operation of the 
program but asked frequent questions about the problems they were trying 
to solve. They all had previous experience of using computer packages 
for mathematics, but LINPROG was their first involvement with a 
microcomputer-based package. One student neatly summed up her reaction 
to using LINPROG as follows: 
-112-
"Use of the program helps you to become familiar with the use 
of the correct terminology and layout. When you are working 
on your own on paper, you don't always use the correct 
terminology and thus don't always understand results at a 
later stage. You get through lots more problems, and thus 
become familiar with these things and the method more quickly." 
The students completed questionnaire SQLl after their third linear 
programming laboratory session. The above explanation was supported by 
comments in a questionnaire: 
"It helps you to understand the Simplex method and duality. 
It is a good back-up to lectures. You can get through 
more examples than you would by hand calculating. It 
helps you to become accustomed to the terms used and it is 
quick. You need to do hand calculated examples, too, to 
get a good understanding. You can't depend on LINPROG 
alone. It doesn't explain slack variables." 
These students' ratings for LINPROG are shown in Table 7.5, with 
those given by Napier students in 1988 (Figure 6.3) in parenthesis for 
comparison. The percentage cUInulati ve frequencies are similar for the 
three aspects common to the two surveys. The Dundee students rated 
reliability more highly, but, as explained in section 5.1, hardware 
factors may have influenced these ratings as students do not necessarily 
distinguish between hardware and software reliability. 
Flexibility/options offered scored a lower rating than the other aspects, 
thus reinforcing Napier staff appraisals. 
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Table 7.5: LINPROG student ratings, Dundee, 1988 
Ease of use Reliability Usefulness Flexibility/ 
of output options 
cumula- cumula- cumula- cumula-
No. tive % No. tive % No. tive % No. tive %' 
Very highly 4 4 36 (42) 5 45 (31) 2 18 (23) 1 9 
3 6 90 (77) 6 100 (81) 7 81 (81) 6 63 
2 1 100(100) 0 (100) 2 100(100) 4 100 
Poor 1 0 0 0 0 
Sample size 11 (26) 11 (26) 11 11 
Note: Figures in parenthesis are Napier student ratings. 1988 
other questionnaire results, detailed in Appendix 13, convey that 
the students were more enthusiastic about their use of LINPROG than about 
the use of mathematical computer packages generally, but were not in 
favour of having computer-based work included in their overall assessment. 
Although one student suggested that the package "could be more user 
friendly", four commended it for its "ease of use" and one for being "easy 
to understand". Two others liked the speed of calculation. 
The lecturer at Dundee also completed a questionnaire in which he 
rated LINPROG 4 (very highly) for 'Ease of use' and 3 for the other 
aspects listed above. He adjudged his use of LINPROG to reinforce 
understanding of the Simplex method to have been very successful, due to 
its "interactive capability in the learning environment". He disliked 
the fact that the program forces maximisation to be the standard problem 
and also found the tableau by tableau output difficult to read for some 
larger problems. Overall he felt that the students' reaction had been 
very favourable: 
"They took to it easily and picked up the Simplex procedure 
from hands-on experience (with no prior class tuition)." 
other higher educational establishments 
Six completed questionnaires were received from customers who had 
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purchased LINPROG between 1986 and April 1988. Fi ve of these customers 
had used the program with students and their evaluations of the resulting 
learning experience are shown in Table 7.6. One user observed: 
lilt certainly improved their facility in the mechanics of the 
method but true understanding is unlikely to come from such 
work. II 
The program ratings of the six purchasers are shown in Table 7.7. 
Table 7.6: Customers' reasons for using LINPROG 
Degree of success 
No.of Very Not 
Reason for use users successful 
-----------> successful 
4 3 2 1 
To enhance understanding 
of the Simplex me thod 4 1 2 1 0 
To enhance understanding 
of duality 1 1 
To solve realistic LP 
problems 2 2 
Table 7.7: Purchasers' ratings 
Ease of use Reliabili ty Usefulness Flexibility/ 
of output options 
Very highly 4 2 0 1 0 
3 2 3 3 2 
2 1 1 2 0 
Poor 1 1 1 0 2 
Don't know 0 1 0 2 
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The most critical comments came from a purchaser who was using the 
package with business studies students. He described the program as 
poorly designed and rated no aspect higher than 2. Comments and ratings 
from other reviewers, at least three of whom were teaching mathematics 
students, were more favourable. The detailed step by step approach to 
the Simplex method was commended as was the ease of entering and amending 
input data. criticisms included the automatic conversion of minimisation 
problems to the dual problem, a program error, and being unable to add or 
subtract constraints when using the Simplex method. 
The back-up material used with the program consisted of sheets of 
straightforward linear programming problems. No one had used the package 
for post-optimal analysis, or mentioned doing any investigative exercises. 
Several customers commented that it was still too early to assess fully 
the usefulness of the package, but they clearly intended to use it again. 
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CHAPTER 8 
Discussion and Developments 
8.1 The Learning Packages developed 
Problem solving and investigative work should form an important 
part of the mathematics curriculum of science and engineering students. 
This research has confirmed that these activities can be made more 
effective with the aid of computer-based packages. Unlike some software, 
labelled as educational, LINPROG and NODES were specifically designed as 
teaching tools to satisfy needs which emanated from real teaching 
situations at Napier polytechnic. The design and content of the programs 
resulted from conSUltation with lecturers, thus ensuring their suitability 
for the teaching objectives for which they were intended. Acceptance of 
the packages as effective teaching tools is evident from the increase in 
their use over the survey period to a level which has subsequently been 
maintained. 
Both packages were rated favourably by staff and students for 
their ease of use, reliability and usefulness of the output. student 
comments emphasised LINPROG's role as an aid to understanding both the 
Simplex method for linear programming and the branch and bound method for 
integer programming. The graphical output from NODES was highlighted as 
an important feature, which assisted student understanding of the 
behaviour of solutions of differential equations. 
In his final report of the National Development Programme, Hooper 
(1977) asks that evidence of institutionalisation should be the primary 
gauge of success of a project rather than generalisations derived ' from 
experimental classroom use. At Napier the crucial stage of 
institutionalisation has been accomplished and both packages are now 
firmly established in the teaching repertoire of several lecturers. 
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The successful transfer of a package to other institutions not 
only helps to justify the high development cost of the materials but is 
also a useful indicator of its educational value. Complete transfer of a 
package is unusual. It is more likely that a lecturer would wish to use 
selected parts of a package or to adapt accompanying notes or coursework 
to fit his student's needs more closely. LINPROG has been successfully 
transferred to Dundee College of Technology for some of its teaching 
objectives. The computing laboratory facilities and the mathematics 
curriculum of the course for which L!NPROG was used at Dundee were similar 
to those at Napier. student and lecturer reaction was very favourable. 
The lecturer prepared his own worksheets, the content of which was 
restricted to enhancing the existing teaching approach for the Simplex 
method. No attempt was made during the period of evaluation to use 
LINPROG to introduce investigative work such as post-optimal analysis. 
The response of purchasers of LINPROG was more varied. The most 
successful use was achieved by lecturers using the package with 
mathematics students. Reaction from a lecturer of business studies 
students was more critical. No mention was made by any of the 
respondents of using LINPROG to facilitate investigative work. Many 
teachers are reluctant to make significant changes in their teaching 
strategies even when computers become available (Hartley and Bostram, 
1982). This study has demonstrated that a more investigative approach 
to teaching and learning at Napier evolved over a number of years after 
computers were introduced. Depending upon previous experience, it may 
take several years of gradual advancement before lecturers at other 
establishments are willing fully to exploit the potential of this computer 
package. 
Al though the use of NODES wi thin Napier has been judged highly 
successful, it was not transferred to any other institution during the 
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research period. A number of copies of the program have been sold but no 
data has yet been gathered from purchasers regarding its use. The 
booklets accompanying NODES and LINPROG contain examples of use of the 
package, but experience indicates that it might be beneficial to add 
suggested laboratory exercises in order to encourage lecturers at other 
institutions to explore a wider range of educational possibilities. 
8.2 A Changing Role for the Teacher 
Use of the mathematical sciences laboratories at Napier 
Polytechnic for timetabled classes increased by about 70 % over the 
four-year period 1985-88. The majority of lecturers in the Mathematics 
Department now use computer-based packages as a tool to support their 
teaching. Many lecturers, therefore, have had to reconsider their 
teaching objectives and adapt their teaching approach to accoIll1llodate new 
styles of learning and the wider opportunities offered by computers. 
Computer packages have enabled teachers to arrange learning situations 
which were not previously possible, for example, using graphics to explore 
the behaviour of a function, to analyse the solution of a mathematical 
model or to investigate the stability of a numerical method. 
Co-operati ve learning has flourished in the laboratory as most 
students prefer to work in pairs or small groups. Opinions vary amongst 
the lecturers as to whether the students should work alone or in pairs on 
the computer, but all lecturers encourage students to discuss problems and 
resul ts both with each other and with the teacher. As a result, the 
laboratory environment is less formal than a conventional classroom where 
one lecturer faces rows of students. Control is shifted away from the 
lecturer towards the students who, working autonomously, manage their own 
learning. The teacher's role, however, has not diminished in importance 
and class contact time has not been reduced. On the contrary, it was 
found that class sessions in the laboratory can be harder work for the 
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lecturer because the students ask more questions, some of which involve 
concepts that would not have been encountered otherwise. The role of the 
teacher and the computer are complementary and both contribute towards the 
learning process. The computer is used as a tool to remove tedious 
calculation, to present information graphically and to increase a 
student's involvement in his own learning. The teacher's skills lie in 
recognising and seeking to rectify a student's particular weaknesses or 
misunderstandings and exploiting the learning situations which arise. All 
five lecturers interviewed were enthusiastic about their use of computers 
and enjoy teaching more as a result of using them. By reflecting on the 
educational advantages of their new approach, these lecturers have 
responded positively to their changing role and will remain receptive to 
further developments and opportunities. 
A few lecturers failed to make any use of computers in their 
teaching during the survey period. Large classes and lack of class time 
were mentioned by one lecturer, whilst another claimed insufficient time 
for preparation due to other commitments. Some teachers may be 
apprehensi va of the changes which the introduction of computers would 
bring to their established teaching practices. They may even feel that 
others are using the new technology as a substitute for teaching skills. 
Further research is required to investigate fully the reasons for this 
reluctance. 
8.3 Learning outcomes 
The learning outcomes which have resulted from using 
computer-based packages as a tool for mathematics represent a broader 
range and higher quality of cognitive and attitudinal outcomes than 
previously present in the mathematics curriculum at Napier polytechnic. 
Student understanding of some mathematical concepts and 
algorithms has been improved or reinforced as a result of using computer 
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packages. More than 40% of the students in two classes (S1S4 and CEE4) 
considered that use of LINPROG helped them to understand the Simplex 
method, duality, the branch and bound method for integer programming 
problems, or some other aspect of linear programming. Use of the NODES 
package for engineering applications assignments resulted in increased 
understanding of the solutions of differential equations by 68% of 
respondents in a second year class. In particular, many students found 
that being able to study the solution of equations graphically using NODES 
improved their understanding of the behaviour of the mathematical model. 
Investigative and experimental work has increased and more 
emphasis is placed on this type of work. The use of computer-based 
packages has been successfully integrated into the curriculum of several 
courses at Napier. In such courses there is now less time than 
previously spent teaching techniques and more time spent solving problems, 
formulating and testing mathematical models and doing investigative work. 
In linear programming, for instance, more time is available for 
post-optimal analysis, which is introduced in a meaningful way with the 
aid of the LINPROG package. Almost all the lecturers using the 
laboratories cited ,liTo carry out investigative and/or experimental work" 
as one of the reasons for choosing to do so. Extensive use is made of 
graphical output to examine the behaviour of functions, to analyse models 
and to investigate the errors in, or the stability of, a numerical method, 
using one of the packages available in the laboratories. Students' work 
in the laboratory is directed by worksheets which have been designed to 
accompany the computer programs and which contain some open-ended 
investigations. Results from student surveys show that the majority of 
students consider investigative work to be both interesting and useful. 
students solve more realistic problems. There is much wider 
scope for problem solving, both in statistics, where 'real' data is used 
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and in areas such as linear programming. As the time spent on 
computation has been greatly reduced, more time is spent formulating 
problems and there is more emphasis on the analysis and interpretation of 
results. 
students spend more time testing and analysing mathematical 
models. Computer-based packages enable a much wider range of problems to 
be tackled. In the first four years of the Communications and Electronic 
Engineering degree, the students carry out a computer-based assignment as 
part of the engineering applications element of the course. This involves 
investigating the mathematical model of a physical system using a computer 
package. NODES was found to be an excellent tool for this purpose. 
Mathematical discussion has increased. The importance of being 
able to communicate mathematical concepts confidently was highlighted in 
Chapter 2. The use of computer-based packages stimUlates mathematical 
discussion in the classroom both between teacher and student and between 
the students themselves, confirming findings from a previous study 
(Katsifli, 1986). Graphical output offers the lecturer many unrivalled 
opportunities to probe the students' understanding by appropriate 
questions. Evidence from lecturers also suggests that students' competence 
in discussing mathematical ideas improves as a result of using computer 
packages in the laboratory. Working through an algorithm step by step on 
the computer (for example, the Simplex method for linear programming), not 
only aids student understanding of the method but also helps him to become 
familiar with the mathematical terms being used. 
student's ability to communicate clearly. 
This boosts the 
The above outcomes relate to the higher levels of Bloom's taxonomy 
of cognitive learning objectives, discussed in Chapter 2.1. In 
particular, the skills of analysis and synthesis are fostered by 
the mental processes involved in computer-based exercises. The ease with 
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which the user can change the parameters of a model or problem encourages 
her to explore particular instances of mathematical behaviour. Systematic 
variation of parameters enables the student to progress towards the stage 
of generalisation where she can predict the change in behaviour when a 
parameter is Changed. As this new learning is assimilated into existing 
mathematical schema, relational understanding develops (Skemp, 1976). 
The natural curiosity of some stUdents will lead them through the 
above stages with little assistance but, for the majority, the structure 
of the worksheet plays a crucial role in directing their mental activity 
towards relational understanding. Discussion with fellow students or a 
lecturer also contributes towards the generalisation and assimilation 
process. 
The above results are broadly similar to those observed during 
experimental computer-based projects with schoolchildren (FraSer, 1987). 
Learning outcomes in the affective domain are also important and, in many 
cases, closely interrelated to cognitive outcomes. Results reported in 
Chapter 7 show that, for most students, the introduction of 
computer-assisted learning has had a positive influence on their attitude 
towards their mathematics course. 
Learning is more student-centred. Computer-based work is usually 
more self-paced than traditional coursework and allows the student t o 
control the level of explanatory detail required. It thus passes more 
responsibility to the stUdent for his or her own learning. Explanatory 
feedback from errors enables a student to learn from his own mistakes. 
Many laboratory worksheets include open-ended exercises to encourage the 
students' creativity and collaboration. Some students return to the 
laboratory in their own time to use packages to reinforce ideas, explore 
them further or to assist with coursework for other subjects. 
Many students enjoy their mathematics course more as a result of 
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using computer packages. Attitude surveys concluded that many of the 
students surveyed felt that use of the LINPROG and NODES packages had made 
the topic being studied enjoyable and more interesting. Increased 
moti vation probably leads to an improvement in educational achievement. 
There was also strong agreement that similar programs should be used to 
enhance the learning of other topics. A minority of students dislike 
using computers. In some cases, early computer programming experience 
has left the student confused and lacking in confidence. Additional help 
should be made available to such students, perhaps in the form of a 
computer-based tutorial, to increase their basic computing skills. A few 
students felt that computer-based work was not so important as more 
directly examinable parts of the course. 
Most students consider their computer-based work useful and 
relevant, both to their course and to their future career in industry or 
commerce. This outcome was evident from the results of the student 
attitUde surveys and could be summed up by one student who commented that 
there is 
"no point in knowing all the theory and how to solve all the 
equations if you've never come across practical applications". 
One of the three students interviewed after completing a computer-based 
engineering applications assignment showed evidence of a holistic approach 
to learning. He used the assignment to improve his overall understanding 
of the topic and to build upon existing knowledge. The report writing 
stage entailed reflective thinking as it required him to draw conclusions 
about his laboratory work. When a student is well-motivated, it seems 
likely that an investigative assignment of this nature encourages a 
holistic approach to learning, as asserted by Cawley (1988). By 
contrast, another student in the group had adopted a surface approach to 
learning which excluded anything not regarded as immediately relevant to 
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achieving a good mark in the next examination. As computer-based work 
came into this category, he did not devote much time to the assignment 
and, consequently, derived little benefit from it. To increase the 
motivation of such students and encourage a deeper approach to learning it 
would be necessary to place greater emphasis on the assessment of 
computer-based work. This should not, however, be at the expense of 
allowing students sufficient time to progress, at their own rate, towards 
the goal of understanding. 
The success of the Napier approach to computer-aided learning can 
be attributed to various factors. The computer programs and accompanying 
worksheets were developed in close consultation with lecturers in the 
department, but with the benefit of previous programming experience and 
cognisance of other concurrent developments in the field . The resulting 
programs are reliable, user-friendly, effective and appropriate to the 
needs of the Mathematics Department. They not only enable a wide range 
of problems to be tackled but also encourage users to vary problem 
parameters and to test the sensi ti vi ty of solutions. Graphical output 
helps students to interpret the results more effectively and to achieve a 
better understanding of the concept or model being studied. 
The use of computers evolved gradually over a period of years, 
encouaged by the provision of mathematical science laboratories. Inspired 
by the enthusiasm and success of early users, more lecturers became 
involved and tried out the facilities for themselves. 
determination required to master the operation of 
They displayed the 
the software and 
hardware, to overcome the logistical problems of timetabling, class size 
etc. and to prepare suitable worksheets. As new software and worksheets 
were developed, the level of the awareness of the inherent potential of 
computer packages to enhance mathemtical education and the quality of 
learning increased. 
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It was deduced in Chapter 2 that teaching involving the use of 
computer packages is more effective if it is an integral part of the 
curriculum. Experience at Napier strengthens this opinion. The 
integration of computer-based work ensures that students appreciate its 
relevance and that its benefits feed directly into their course. 
8.4 Implications for the curriculum 
Methods of assessment are slowly changing to reflect curriculum 
developments. Many courses now include a computer-based assignment as 
coursework replacing a class test. A majority of students surveyed were 
in favour of some computer-based work being assessed. In some 
examinations, students are asked to interpret computer output from a 
package they have used and they might also be asked questions of a 
conceptual nature based on work done in the laboratory. 
The reported shift in teaching emphasis away from techniques 
towards understanding, applications and investigations is likely to 
continue, and, indeed, to accelerate, as the use of computer algebra 
systems increases. The new, broader range of learning outcomes described 
in the previous section calls for further thought to be given to the most 
appropriate means of assessing students' work. Tentative steps have been 
taken at Napier towards laboratory-based examinations. As computer 
facilities improve, these may become commonplace. 
One difficulty which still exists is how to extend the benefits of 
laboratory work to stUdents in larger classes. This has been partially 
acCbmplished by setting computer-based assignments which the students are 
required to complete during open-access time following an introductory 
laboratory session. It is usually possible to split a large class into 
manageable groups for one or two introductory sessions in the year. This 
approach gives students valuable experience of using computer packages as 
an investigative tool in mathematics and exposes them to a broader range 
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of mathematical models than would be possible otherwise. Of course, it 
is only possible to explore a very few topics from the curriculum by means 
of computer-based assignments. In order to extend the advantages of 
using computer packages to other areas of the curriculum, additional 
access must be arranged. 
Two other approaches have been adopted by some lecturers. Where 
large monitors or projection facHi ties are available, computer packages 
can be demonstrated during lectures at appropriate points in the course. 
students can also be encouraged to tryout packages in the laboratory in 
their own time. However, more lecturers would use the mathematical 
sciences laboratories if class sizes were smaller or laboratories larger, 
This may only become possible when mathematics is fully recognised as a 
laboratory-based subject and time-tables are organised such that large 
classes are sub-divided for laboratory work on a regular basis. An 
alternative solution is to provide much larger laboratories, but these 
would not only be difficult to supervise but expensive to establish and 
uneconomic unless the majority of classes were large. 
Insufficient class time also deterred some lecturers from using 
the mathematical sciences laboratories as often as they would have liked. 
Again, the solution lies in recognising laboratory work as an essential 
element of a mathematics course. Only then will Boards of Studies or 
course committees be willing to amend curricula to include regular 
laboratory work in mathematics. 
8.5 Developments 
In 1989, twelve PC-compatible computers were purchased by the 
Mathematics Department and a third laboratory was opened, versions of 
LINPROG and several other mathematics packages are now available on these 
computers, running under MS-DOS, and conversion of NODES will take place 
at an early date. Thus the substantial learning resources and expertise 
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is being transferred to the new laboratory without disrupting lecturers' 
teaching programmes. staff and students will, however, notice the 
improved running speed of the programs which the more powerful computers 
offer. The greatly increased memory has enabled LINPROG to be adapted to 
allow larger linear programming problems to be tackled. Further planned 
improvements include deletion of constraints, a default problem and the 
grahical solution of two variable problems. 
As described in Chapter 3, there is a continuing process of 
modification and refinement of the software and worksheets in the 
mathematical sciences laboratories, as a result of input from lecturers 
and students. New worksheets are regularly added to the system and more 
open-learning material is being developed. During interviews, one 
lecturer reported his use of a Computer Illustrated Text (CIT) for a 
statistics course. crTs have since been used in other courses to 
supplement existing course material. A CrT combines the advantages of a 
textbook for browsing and reference with the flexibility and visual nature 
of a good computer package (Harding, 1988). The underlying philosophy 
of CrTs, which integrate illustrative and investigative use of programs 
into the teaching material, closely reflects the approach which has 
emerged at Napier. 
students frequently have difficulty relating what is taught in 
their mathematics class to practical applications or even to what they 
learn in other subjects. The aim of the second stage of the engineering 
applications programme for B. Eng. courses is to develop the students' 
ability to apply their knowledge to the solution of physical problems. In 
an effort to improve the practical aspect of the EA2 mathematics 
assignment for CEE2 in 1989, the investigation of a mathematical model was 
linked to an experiment in the mechanical engineering laboratory. 
Apparatus was set up to enable the students, in small groups, to conduct 
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experiments in mechanical vibrations, including simple harmonic motion, 
damped, undamped and forced vibrations. In the mathematics laboratory, 
the same experiments were performed on a mathematical model of the system 
using NODES and using some data obtained from the physical apparatus. The 
exercise has since been repeated in a modified form using electrical 
apparatus and an appropriate mathematical model. Despite logistical 
difficulties, initial student reaction has been favourable. It is 
intended to evaluate this innovative exercise. 
with the addition of a PC-compatible laboratory, it is possible to 
run much larger packages, including computer algebra systems (CAS). One 
such system, DERIVE, has already been used in the laboratory with a class 
and there is considerable interest in its use both within the department 
and elsewhere. Much work has still to be done in developing and 
evaluating courseware for such packages. There is a need for evaluative 
studies to be conducted to assess the effectiveness of CAS as teaching 
tools for mathematics. 
However, the use of CAS has wider implications for the curriculum. 
There has already been debate at ICME-6 (1988) and elsewhere about 
possible changes to mathematics syllabi for engineers and scientists. Is 
it still necessary for engineers to learn several different techniques of 
integration if a CAS is available? It seems likely that, in future, less 
time will be spent learning techniques. This study has reported a trend 
at Napier towards more emphasis on understanding and investigations when 
computer packages are used as mathematical tools. The introduction and 
wider recognition of the power of CAS may prove to be the catalyst 
required for course committees to reduce the techniques content of syllabi 
and to recognise fully mathematics as a laboratory-based subject. The 
advantages of using computer packages to enhance the learning of 
mathematics and to encourage investigative work could then be extended 
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into other areas of the curriculum and across more courses than is 
presently possible. 
8.6 Model Curricula 
Much of the discussion in this Chapter can be summed up by 
presenting a model for mathematics curricula which embodies the findings 
of this research project. The underlying philosophy for such curricula 
recognises the computer as an educational tool which not only assists the 
teaching but, if used effectively, enhances the quality of the learning. 
Mathematics curricula should be designed to allow regular time to be 
devoted to laboratory work in addition to lectures and tutorials. The 
balance between these modes of learning should be flexible and left to the 
discretion of the lecturer to vary according to the topic being studied. 
At least one computer should be available during lectures and tutorials 
for demonstration purposes and/or checking results. The system must be 
flexible enough to allow each lecturer to develop the teaching style which 
he considers most appropriate to the course and with which he is most 
comfortable. A further development favoured by some lecturers envisages 
groups of students spending some of their course working on open-learning 
materials with staff present to help when required. Student-centred 
coursework of this nature would not resemble the instructional learning 
packages of the 1970s but might include computer illustrated textbooks and 
similar material. 
Experience at Napier has shown that the effective use of computer 
packages enables an investigative approach to be incorporated into the 
curriculum and, further, that when such an approach is adopted, the 
students' learning experience is enhanced. If, as seems likely, the use 
of computer algebra systems beomes widespread, there will be less need for 
the majority of science and engineering stUdents to spend a large 
proportion of their time mastering algebraic skills and techniques. The 
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time thus saved should be spent investigating concepts and methods, 
solving realistic problems, formulating models and analysing and 
interpreting results, using computer packages when appropriate. The 
improved understanding and higher cogni ti ve skills resulting from such 
work will better prepare the students for the current needs of industry 
and commerce. 
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APPENDIX 1 
LINPROG worksheets 
LP 1 
NAPIER COLLEGE 
DEPARTMENT OF MATHEMATICS 
MATHEMATICS LABORATORY 
Subject Area LINEAR PROGRAMMING 
Author T.D. Scott 
Date 23rd May 1985 
Ref: 519.72 
TOPIC 
PROGRAM 
OBJECTIVES 
INTRODUCTORY 
LINEAR PROGRAMMING 
LtNPROy 
(i) To formulate a L.P. problem mathematically. 
(ii) To solve a 2-variable problem qraphically. 
(iii) To solve problems with 2 or more variables 
usinq the computer. 
(iv) To demonstrate the operation of the Simplex 
Method for a 3-variable problem. 
(v) To explore the concept of duali ty. 
1. A firm manufactures two products A and S, the market for each being 
virtually unlimited. Each product is processed o n each o f the 
machines I, II and III. The processing times in hours per item of 
A or B on each machine are given in the table: 
I I II III I 
A I 0.5 0.4 0 .2 i s 0.25 0.3 0.4 
The available production time of the machines I, II and III is 
40 hours, 36 hours and 36 hours respectively each week. The profit 
per item of A and 8 is E5 and E3 respectively. 
The firm wishes to determine the weekly production of items of A and 
B which will maximise its profit. Formulate this problem as a 
linear programming problem and solve it graphically. 
2. Maximise P = 5Xl + 3X2 
subject to Xl ~ 0, X2 ;;;'0 
2Xl + X2 ~ 160 
4Xl + 3X2 < 360 
Xl + 2X2 < 180 
3. Verify that the graphical solution of Question 1 agrees with the 
answer obtained on the SSC for Question 2. Why is this the case? 
4. Maximise I = 3Xl + 5X2 + 2X3 
subject to Xl, X2, X3 > 0 
comparing your solution, tableau by tableau, with the diagram shown 
in Fig. Q.4. What conclusions do you reach from this comparison? 
5. (a) A manufacturer has available three inputs A, B a~d C, from which 
he manufactures 3 products Xl, X2 and X3. The quantity of each 
input used, the income from 1 unit of each product, and the total 
supply of the three inputs is summarised in the following table: 
A S C Income / Unit (£) I 
Composition {" 1 1 0 0.15 of the X2 2.5 0 0 0.10 products Xl 1 1 1 0.10 
Total Supply (xl0 6 ) 10 5 3 
Find the production programme ..... hich maximises the manufacturer I s 
income . 
(b) A dealer offers to purchase all of the available inputs, A, Band 
C, at prices which guarantee that the manufacturer receives at 
least as much for the contents of each product as he could obtain 
by making and selling the product. Assuming that the manufacturer 
agreed to sell his total supply, the dealer seeks to minimise his 
total outlay. Verify that this problem is the dual of the primal 
problem of part (a). 
(e) State the solution to the dual problem of part (b). 
(d) Verify the principle of complementary slackness for this example. 
Mathe matical Formulation 
Find xl, x2 and x3 which 
maxirllise I 3Xl + 5X2 + 2X3 
subjec t to xl ~ 0, Xl ~ 0, X3 ~ 0 
GRAPHI CAL 
SOLUTION 
ft-. X 3 
Xl + 3X2 + OX3 ~ 12 
Xl + x~ + 2X3~ 6 I J Xl + 5X2 + 2X3 
x1k.. 
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The optimal s o lution is 
Xl 3 
X2 3 
X3 0 d MAX , an I = 24 
-----
Fi<J~ 
;' Xl + X2 + 2Xj 6 
o 
"" .., 
"" .... 
...... 
.,. "" 
.., ..... 
;- __ -.::.. -~ - -7 X2 
+ 3X2 12 
Point Coord. I 
-
0 (0,0,0) 0 
B (0,4,0) 20 
0 (0,4,1) 22 
H (3,3,0) 24 
LP2 
NAPIER COLLEGE 
DEPARTMENT OF MATHEMATICS 
MATHEMATICS LABORATORY 
Subject Area LINEAR PROGRAMMING 
Author T.D. Scott 
Date 24th January 1986 
Ref: 519.72 
TOPIC 
PROGRAM : LINPROG 
OBJECTIVE: To investigate the effect of the following changes in a 
L.P. problem: 
(i) Changes in the RHS values (of the constraints). 
(ii) Changes in the coefficients of the objective 
function. 
(iii) The inclusion of more variables. 
(iv) The addition of extra constraints. 
Problem 1 
(a) Minimise C = 12Y1 + 6Y2 
subject to Y1 ~ 0, Y2 ~ 0 
Y1 + Y2 ~ ) 
3y 1 + Y2 ~ 5 
2Y2 ~ 2 
(b) Investigate the solution to this problem with the altered objective 
function: 
C = (12 - 29)Y1 + 6Y 2 
and, in particular, obtain the range of values of 9 for which the 
optimal solution remains as in part (a). 
(c) Assume that, in the original proble., the R.H.S. become 3, 5 and 
2 + 9 respectively. Determine the range ot values of e which allow 
the solution to the problem to remain optimal. 
(d) Suppose that the first constraint of the problem becomes 
e (1 - 9)Y1 + (1 + 2)Y 2 ~ 3. Show that the solution to the problem 
is unaffected for values of 9 ) -~. 
Problem 2 
(a) A firm produces self-assembly bookshelf kits in two models A and B. 
Production of kits is limited by the availability of raw material 
(high quality board) and machine processing time. Each unit of A 
requires 3 m2 of board and each unit of B requires 4 m2 of board. 
The firm can obtain up to 1700 mZ of board each week from its 
suppliers. Each unit of A needs 12 minutes of machine time and 
each unit of B needs 30 minutes of machine time. Each week a total 
of 160 machine hours is available. 
If the profit on each A unit is 12 and on each B unit is i4, 
determine the weekly production programme which maximises total 
profit. 
(b) The production manager, who is not a mathematician, requires the 
solution to part (a) as well as answers to the following questions: 
(i) Suppose we can buy extra board from a second ti~r 
merchant. How much per square metre are we prepared 
to pay for it? 
(ii) Suppose we can obtain extra machine time by working 
overtime. If this costs i7 per hour extra, is it 
worth it? 
(iii) Suppose that the profit on each A unit il 1Pl and on 
each B unit is lPz• For what possible valuel of the 
ratio P1 :PZ is the solution we have obtained optimal? 
(iv) suppose a third type of kit, c, can be made. Suppose 
it uses 4 m2 of board and needs 20 minutes of machine 
time. If the profit on each unit is iP, should we 
make it? 
( V) Suppose that, during a period of economic recession, the 
sales team report that the market will not stand more 
than 550 sales of kits each week. How does this affect 
the production schedule? 
(vi) suppose, following on from the last section, that total 
weekly sales are restricted to at most 450 kits. 
Would this affect the schedule? 
Prepare a written report for the production manager which will 
answer all his queries and include suitable explanations. 
IP 1 
NAPIER COLLEGE 
DEPARTMENT OF MATHEMATICS 
~THEMATICS LABORATORY 
Subject Area INTEGER PROGRAMMING 
Author T.D. Scott 
Date 29th May 1985 
Ref: 519.77 
TOPIC i INTEGER LINEAR PR<X;RAMMING 
PROGRAM L.INPROG 
OBJECTIVES: (i) To solve a 2-variable problem graphically. 
(ii) To solve problems with 2 or more variables using 
the computer. 
(iii) To examine mixed integer programming problems, 
and solve them using the branch and bound method. 
(iv) To produce mathematical formulations of realistic 
I.P. problems. 
1. Solve the following integer programming problem: 
") 
... 
Maximise z = Xl + X2 
subject to 14xl + 9X2 ~ 51 
-6Xl + 3X2';;; 1 
Xl, X2 > 0 and both integer 
(a) graphically; 
(bl using the computer. 
Minimise 
sub j ect to X2 - X)';;; 7.6 
~ 18.3 
Xl + 2X2 + X3 > 26.9 
Xl, X2, X3 integers. 
/3 .... 
3. Develop the mixed integer constraint set for the following feasible 
region • 
-~ ._--_ ._-_ . . . 
,~ ---Ir- --._ .._==~=-_-._ _ .----. __ ... _. 
,. . .. 
. : .. ::::1 
. . - - - --. 
.. . . . . . . . 
. .. ----- -- _ . . . . t. .. ----- - . _ ... _-. 
: · · : : :~ :- :..:.:::: · I . : ~ . ........ :-: :. ~- ~::: : :;: ~ :. . . . -._- .-- _ . . . . .... .. .... -. . , -
4. Given the integer programming problem: 
Maximise 
subject to 2XI + X2 - x, < 15.3 
Xl + 2x," + 'X3 < 26.5 
:> 4.6 
Xl, X2, X3 integers, 
use data sheet Q.4 to construct the tree diagram obtained when the 
problem is solved using the branch and bound algorithm. 
/Data sheet . .• 
Data sheet Q.4 
PROGRAM : ADDITIONAL CONSTRAINTS I NUMBER I Xl 
1 ORIGINAL PROGRAM 8.907 
2 Xl = 7 X2 ;;. 2, X2 C;; 3 7 
3 Xl 8 X2 ;;. 2 
4 Xl ..; 8 X2 ..; 1 X3 ;;. 3 5.5 
5 Xl .;;; 8 8 
6 Xl ..; 7 X2 ;;;. 2, X2 ".;;; 3 X3 .;;; 1 6.65 
7 Xl 7 X2 ~ 2 7 
8 Xl ~ 9 
9 Xl = 7 X2 ~ 2, X2 .;;; 3 X3 ..;;; 1 7 
10 Xl ~ 8, X· ! ~ 9 X2 ~ 2 
11 Xl ".;;; 7 X2 ~ 2, X2 < 3 X3 ~ 2 7 
12 Xl ".;;; 7 X2 ~ 2 I X2 ".;;; 3 7 
13 Xl .;;; 8 X2 ".;;; 1 X3 .;;; 2 8 
14 Xl 7 X2 ~ 2, X2 .;; 3 X3 ;;. 2 7 
15 Xl .;;; 8 X2 <; 1 8 
16 I Xl ..; 8 X2 ;;. 2 7.707 
17 Xl = 7 x2 ~ 4 
18 Xl .;;; 7 Xz ;;. 4 6.507 
19 x. 
" 
7 X2 ~ 2 7 
Program: Maximise 13.2xI + 7X2 + 5X3 
subject to 2Xl + X2 - Xl < 15.3 
Xl + 2X2 + 7X3 < 26.5 
Xl + X2 ;> 4.6 
SOLUTIONS 
X2 X3 I 
0 2.513 130.135 
3 1. 929 123.043 
NO FEASIBLE SOLUTION 
0 3 87.6 
1.511 2.211 127.233 
3 1 112.45 
3.178 1. 878 124.033 
NO FEASIBLE SOLtJI'ION 
2 .3 1 113.5 
NO FEASI9LE SOLUTION 
2.75 2 121. 65 
3 1.929 123.043 
1 2 122.6 
2.75 2 121.65 
1 2.357 124.386 
2 2.113 126.295 
NO FEASIBLE SOLUTION 
4 1. 713 122.455 
3.178 1.878 124 .033 
Xl, X2, X3 integer and non-negative. 
/ 5 .... 
5. Verify that the solutions listed in data sheet Q.4 are correct. 
6. Determine ALL of the optimal solutions of the following problem: 
Minimise 
subject to 
..; 84 
X3 ;;. 13.8 
Xl, X2, X3 integers. 
7. Given the following mixed integer programming problem: 
Maximise z = 4Xl + 5X2 + 9X3 + 5x4 
subject to xl + 3X2 + 9x) + 6x" ~ 16 
6Xl + 6X2 + 7X4 .;; 19 
7XI + 8X2 + lex) + 3x" ..; 44 
Xl, x2, X3, x" :> 0 
x I , X2, x) integers, 
investigate the effect (on the solution) of imposing the additional 
constraint that x" has to be an integer. 
8. A large corporation is considering the investment possibilities that 
it currently has available: 
Investment possibility 
1. Build a new warehouse 
12. Remodel the old warehouse 
Expected 
Net Present 
Value 
13. Buy automation for the new warehouse 
1
4. Buy a company that supplies product A 
5. Build a plant to manufacture product A i6. Refurbish corporate offices 
PI 
P2 
Pl 
Pit 
Ps 
P6 
Expenditure 
required 
Assuming that the firm has funds to the extent of ao , form ulate the 
problem of chOOSing among the pr ojects as an integer programming problem. 
(Projects 1 and 2 are mutually exclusive, as are projects 4 and 5; 
project 3 can only be undertaken if project 1 is undertaken - the 
automation is only feasible for a new warehouse.) 
9. An assembly line has eight jobs which are to be performed as indicated 
10. 
below: 
Job 
1 
2 
3 
4 
5 
6 
7 
8 
Time 
Required 
7 min. 
6 min. 
e min. 
e min. 
1 min. 
6 min. 
7 min. 
8 min. 
Jobs that must be completed before 
starting this job 
1,2 
2,3 
4,5 
5 
6,7 
One worker is positioned at each station and performs certain jobs at 
his station. Formulate the problem of determining how many stations 
should be set up and which jobs to assign to each station as an integer 
programming problem. The objective is to minimise total worker idle 
time. (Hint: Let x . . be a variable which is 1 if job i is assigned 
lJ 
to station j, and zero otherwise.) 
A corporation is considering buying two warehouses in a region. There 
are 20 possible sites. Each site has a fixed cost of purchase and 
development. In addition, there is an associated capacity of each 
warehouse and costs of servicing each customer from each warehouse. 
Formulate the problem of determining the two best warehouses as an 
integer programming problem. 
APPEHDIX 2 
NODES worksheets 
Reference 
Numbers 
DE2 
DE3 
DE4 
DES 
DE7 
Numerical Methods 
Numerical Methods 
Numerical Analysis 
First-order 
Differential 
Equations 
Mechanical 
Vibrations I 
Objectives 
To compare the behaviour of single step 
numerical methods of different order, for 
approximately solving ordinary 
differential equations 
To investigate the effect on the errors of 
changing step length in single step 
numerical methods of first- and second-
order differential equations 
To investigate the stability of single 
step numerical methods for first-order 
ordinary differential equations. The 
tutorial is restricted to the induced 
instabili ty that arises when such methods 
are applied to "stiff" differential 
equations 
To investigate the behaviour of an RL 
circuit under different initial conditions 
(a) To construct a mathematical model of a 
simple vibrational system. 
(b) To examine the three modes of 
operation: 
(i) simple harmonic motion 
(ii) damped vibrations 
(iii) forced vibrations. 
(C) To illustrate the three types of 
damping: 
(i) underdamping 
(ii) critical damping 
(iii) overdamping. 
(d) To distinguish between the transient 
and the steady-state part of a 
solution. 
(e) To investigate the effects of changing 
model parameters and, in particular, 
the conditions for resonance. 
Reference 
Numbers 
DES 
DEll 
Mechanical 
Vibrations II 
Phase Portraits 
(a) 
(b) 
(C) 
(d) 
(a) 
(b) 
(C) 
(d) 
Objectives 
To construct mathematical models of 
simple coupled systems. 
To analyse the behaviour of each model 
for various specific conditions. 
To investigate the effects on the 
solution of varying the parameters of 
each model. 
To characterise the "frequency 
response" of a mass-spring system. 
To obtain solutions of non-linear 
second-order equations. 
To construct phase portraits. 
To investigate the limit cycle of the 
Van der Pol oscillator. 
To investigate the effect of changing 
the parameters of the model. 
APPENDIX 3 
B.Sc. Science with Industrial Studies course details 
B.Sc. Communications and Electronic Engineering course details 
Course Structure 
The Degree is a four session, and the Honours Degree a 
five session, thin sandwich course, with industrial place-
ments between .. the second and third, and third and fourth 
sessions. The industrial placements are so situated 
to allow students the opportunity of attaining a con-
sistent academic level despite variations in entry quali-
fications. After the second period of industrial ex-
perience Degree students undertake a final three terms 
and Honours Degree students a final five terms of academic 
study in the College. The periods of industrial train-
ing are seen as complementing the academic studies in 
the Sciences and in Industrial Studies. The organisation 
of the course is as follows: 
Session 1 - 3 terms - Academic Study - 30 weeks 
Session 2 
- 2 terms - Academic Study - 23 weeks 
Industrial Placement - 24 weeks 
out of 28 weeks 
Session 3 - 2 terms - Academic Study - 23 weeks 
Industrial placement - 24 .... eeks 
out of 28 weeks 
Session 4 - 3 terms - Academic Study - 30 weeks 
Session 48- 3 terms - Academic Study - 30 weeks 
Session 5 - 2 terms - Academic Study - 24 weeks 
During the first year all students take a general science 
course, covering a wide range of scientifiC subjects. 
This provides a broadly based understanding of science. 
Mathematics with Computer Studies is taken by all students 
during the first two sessions of academic study. This 
provides all the students with the mathematical and com-
putinq skills required 1n other parts of the course. In 
the second and subsequent years choices of subject are 
made as indicated in the table. Interdisciplinary study 
is introduced by two special seminars 1n each of the 
first and second sessions and an introducton to Inteqrating 
Studies in the third session which leads to the Inteqratinq 
Studies course in the fourth and fifth sessions tor Bonours 
Deqree students. Daring the final session ot academic 
study, a Degree student undertakes a dissertation on a 
subject ot his own choice whereas the Honours Degree 
student undertakes a project during his last two sessions. 
Structure of the Course and Possible Combinations 
SESSION I 
1 
SESSION II 
1 
SESSIa. III 
1 
SESSION IV 
SESSION IV H 
1 
SESSION V 
INDUSTRIAL MATHEMATICS SClmcE INTEGRATING I STUDIES STUDIES I 
INDUSTRIAL MATHE: ... ATICS X Y INTEGRATING 
STUDIES SroOIES 
INDUSTRIAL TRAINING 
[-- INDUSTRIAL -~-- .. "TI;'. -I 
STUDIES A B STDS. 
* 
** 
INDUSTRIAL TRAINING 
I NDUSTRI tJ. INT. S'nJDIES 
STUDIES ABE SSt\"iS 
INDUSTRIAL INTEGRATING 
STUDIES A B ESSAYS 
INDUSTRIAL INTEGRATING 
STUDIES A 8 SPECIAL TOPIC 
X and Yare two subjects taken from PhYSics, Chemistry and Biology 
A and B are two subjects taken trom X, Y and Mathematic •• 
STUDIES 
PROJECT 
STUDIES 
PROJECT 
I 
j 
Cour •• CUrriculu. 
se .. ion 
se .. ion I 
()O " •• k. of 21 
houu per wu .ax 
ac:1udill9 
r-.dla18) 
se.l1on II 
(23 _eke of 21 
hour. per veu) 
se.tton IU 
(23 _Ita of 20 
hour. per wu) 
Seuion 
Se •• ion rv 
()O wek. of 17 
!iouI" pel' -.Jtl 
Se •• ion IV Ionour. 
()O welt. ot " 
hour. per wu) 
sa.l1on V 
(24 wu. , 10 1\1'. 
pel' ~ 111 tera 1 
and 15 1\1'. per 
wu in tv. 2) 
Subject 
Indu.trial Studies 
Math ... t1e. 
c:c.puter Studi .. 
SCienee 
Inteqratinq Studi •• 
Total for Se •• ion I 
Indu.trial Studi •• 
MA th ... tic:. 
c:c.putu Studi .. 
li010qy 
OI_i.try 
",y.ie. 
Inteqratlnq Studies 
Total for S..I1Oft II 
Indu.trial Studle. 
Matil_tle. 
c:c.putar Studle. 
Bl010qy 
OI_i.try 
.hyde. 
Inteqratlnq Studi., 
Total for Ses,ion III 
IDduatrial Studies 
MAth_Ues 
.10loqy 
OI_htry 
IIbr.le. 
Itep.rta 
Total fOl' Se .. loa rv 
110lOlJJ 
OI_lItry 
Math_tic. 
"'yales 
Indu.trial Studies 
InteqratlR9 Studie. 
( i) Lectura. etc: 
(U) Proj.et 
Total for sa •• lon IV 
11010qy 
OI_1etry 
Math_tie. 
.hy.le. 
Indu.trial Stud i •• 
Inteqratlft9 Studi •• 
( 11 Lectur •• ete 
(11) Project 
Total tor Se •• lon V 
~ 
~ !!!!! 
SIS 111 
SIS 11' 
SIS lCS 
SIS lS 
SIS l! 
SIS 1S 
SIS 2M 
SIS leS 
SIS 2. 
SIS 2C 
SIS 2. 
SIS 21 
SIS llS 
SIS 3M 
SIS 3CS 
SIS 31 
SIS 3C 
SIS 3. 
SIS 3! 
SIS 41S 
SIS &M 
SIS 4. 
SIS 4C 
SIS .. 
SIS 4D 
SIS 4'(8) 
SIS 4C(I) 
SIS &M(I) 
SIS 4.(1) 
SIS 415(81 
SIS 41(81 
SIS4Proj (I) 
SIS 5'(11 
SIS ~(II 
SIS !IM(II 
ns 5P(1) 
SIS SIS (H) 
SIS 51(8) 
SISSProj ("' 
1 
1 
1 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
No of 
!!!.!!. 
3 
1 
J 
1 
3 
2 
1 
1 
1 
J 
1 
1 
3 
2 
2 
2 
2 
2 
2 
!!!!! 
~ 
5 
4 
1 
10 
1 
S 
~ 
1 
S 
5 
5 
1 
5 
5 
2 
7 
7 
7 
2 
5 
(, 
(, 
(, 
{, 
MA 
5 
5 
5 
5 
5 
.2 
1 
4 
4 
4 
4 
5 
2 
Total Br.1 
SeSiion 
lSO 
120 
30 
300 
30 
6)0 
115 
85 
)0 
US 
115 
U5 
23 
483 
115 
121 
~o 
16 1 
161 
16 1 
46 
400 
Total 1Ir.1 
Seulon 
lSO 
180 
180 
180 
180 
510 
150 
150 
lSO 
150 
150 
96 
96 
96 
96 
120 
39 
60 
411 
Ho..t.~e"",.t~~ S'i.llo.~~ 
Session 1 Total time 126 hr. 
Functions and their graphs - domain of definition, examples of 
functions to include polynomials, rational functions, trigono-
metric functions, 109, In, exp, product and ratio of functions, 
inverse functions, composition of functions, lO9arithms, indices, 
radian .. asure and introduction to the use of simple trigonometric 
identities, cartesian and polar co-ordinates, graphs, use of &e.i-
109 and 109-109 graph paper . Converting to linear form and 
graphing equations of the foras y - aebx and y - axb . 
(25) 
Calculus - Li.its including li.uts of rational functions, 
(completing the graph at a point), gradients, the derived function, 
derivatives from first prinCiples, use of table of derivatives, 
derivatives of sum, product quotient and composition of functions, 
turning points, the art of graph sketching including some sLmple 
multi-valued functions eq for conic s.ctions. Slaple inteqration 
and areas simple problems eg rectilinear .otion and energy of 
stretched spring. 
(25) 
Ilumerical Hathematics - Absolute, relative and percentage errors. 
Error analysis for simple formulae eg y - ab-lc-l~d. Linear 
lnterpolation. Root finding technique.: Bisection and Newton-
Raphson methods. Trapezoidal and Simpson's rule. Library pro-
grams for calculations relating to these numerical methods. 
(14) 
Series - Ari~tic and Geometric Series. Conditions for con-
vergence. Binomial Theor .. for a positive integral index. 
( 0) 
Statistical Hethod& & Theory - Sample space concepts and laws of 
probability for statistically independent events. Random varia-
b les - dlscrp.te and continuou.. Probably distribution for Uniform, 
b inomial, poisson and geometric distributions and density functions 
t o r normal and exponential distributions. Parameter estimates for 
these distributions from observational data. Methods of present-
Ing statlstlcal informati o n. Use of normal probability paper. 
(26) 
Computer Studies 
Introduction - overview of computer applications in buSiness, 
commerce and industry. General outline of basic computer con-
figuration . 
( 2) 
Brief summary of computer systeas operation (batch/on-line) and 
available computer lanquaqes. 
( 1) 
A study of prohlem analysis and the u •• of flow chartinq. 
A detailed study of BASIC - Let, Rea, Input, Read/Data, End, 
Print, If. Statements, looping and counting. T.rminators. 
Functions and S,iliroutines. Arrays. 
(4) 
(23) 
Session 2 
Lectun,s 
Tutorials 
SeSSion 1 
Revision and Examinations 
Total 
70 
56 
24 
150 
Total time 98 hr. 
Functions and Graphs - Hyperbolic and inverse tri9Qno.etric 
functions. Simple functions of two variables and contour dia-
grams for these. 
(6) 
Calculus - Derivatives of hyperbolic and inver.e trigonometric 
functions. Partial derivatives and stationary value. of functions 
of two variablp.s. Maclaurin'. Theore •• Power •• ri.s for sin x, 
cos x, exp x, (1 + x)n and conditions for convergence. Taylor's 
T1,eorem for functions of one and of two variabl.s. Integration 
by parts and by substitution. 
(l5) 
Algebra - Compl e x numbers - cartesian, polar and exponential 
f o rm . Ell I ec 0 5 f o emu la.. . Matrices - elementary operations, 
transpo se and inverse. OetermJnant ... 
(10) 
Differential Equationa - first-order with variabl.s separable, 
second - order with co nstant coefficients - particular inteqral 
by trial : use In modelling physical and biological systems. 
Interpretation of trans l~nt and steady-state solutions. Graph-
leal and c omputer solutio ns. 
( 9) 
Numerical Hathematics 
Gausslan elimination to s o lve linear simultaneous equations and 
to invert matri c es . Solution of differential equations by Euler'. 
method and using compll~er packaqes. 
( 9) 
Stati.tical Hethod and Theory 
The distribution of the s .. ple mean in simple random sampling 
from a noraal di.tribution. The central lLmit theorem studied 
experi.entally. Hypothesis te.ting. Errors of Type 1 and Type 2. 
Confidence intervals for U. Ul -U2 and Ud · Statistical quality 
control. Acceptance sampling. Operating charact.ristics. Con-
tingency tables using Chi-squared te.t. Linear regression. 
Computer Studies 
Further study of BASIC - Character handling. Microcomputer 
oriented instructions eg Peek. Poke. 
(19) 
( 6) 
Microprocessors. Architecture and functional coaponents. Cap-
abilities and lu.itations . Con.traint. on languages. programming 
and storage . Comparison with .. infr .... and mini's. Application 
and functions. Introduction to a •• .ably language programming. (12) 
Conversion from BASIC to FORTRAN - assignment. READ. WRITE. FORMAT. 
IF. Comment statements. Arrays. A detailed study of imput/output. (12) 
Lectures 
Tutorials 
Session 2 
Revision and Examination 
Total 
58 
40 
17 
115 
Session) Total time 1)7 hrs 
Linear Mathematics 
Vpct.O f" Spa c es - subspa c e si linear dependenc e ; bases; dime nsion . ( 8) 
Linear Transformations (operators) - products of transfo rmations; 
null space; inverse transforaations, linear transformations and 
.. atrices . 8) 
Linear differential Operators - linear ordinary differential 
equations - 1st order; 2nd order with constant coefficients; 
ap~lications - 5 H M damped and forced oscillations. circuits. 
(10) 
Numerical Solutions of ODE'. - Euler. Euler DOdified. Runge-
Kutta methods. 
(8) 
Integral operators - the Laplace transform, properties and use 
1n solution o f 0 DE' • . 
(8) 
Difference equations - foraation, solution, us.s, similarity 
to 0 DE's. 
(7) 
Reduct ion of Differential Equation. to the form ~ - ~ by Finit. 
Differenc es . 
(4) 
Statistics 
More advanced degign of industrial experiment.: component. of 
variance and linear hypothesis, randomi.ed block. and Latin 
s~uare~ . 
(10) 
Response surface methodology; analysis of the 2n series. 
(10) 
Optimisation 
Linear programming - a treataent of tran.portation and assignment 
algorithms. including consideration of industrial location. the 
SIRl~ l ex alqo r it hm and the concept of a dual program. 
Crlti c al path analysis - construction and analysis of networks. 
In trodllcti o n to f o rec asting techniques - moving av.rages and 
~ x r~nent l al ~moothinq. 
(24) 
Compllter Studies 
1\ stuoy o f subproq ranuning in FORTRAN. library procedures including 
scientifi c subroutines and statistical procedures. 
Advanced 
on-line. 
Computer 
(121 
computer techniques - languag •• ca.puter systems (batch • 
real-time). file proc.s.ing. Instruction processing. 
organisation/operating systems. 
(12) 
A detailed ~t\ldy o r t he use of computers (~rcial. industrial. 
researc h appll c~tl ons) . 
(6) 
Hicros. Further assembly lanquage programming. Current appli-
cations and trends. 
Lectures 
Tutorials 
Ses810n 3 
Revision and Examination 
Total 
Session 4 (Degree) 
Linear Hathematics 
74 
63 
24 
161 
(l0) 
Total time 160 hrs 
Eigenvalues and Eigenvectors - Eigenvalue problem for a linear 
transformation (matrix), orthogonality. dlagonalisation, appli-
cations - vibration., lite-cycle matrices, simple economic 
syst ... etc. Caley-Hamilton Theorem. Use of computer to effect 
eigenvalue calculations. 
(26) 
Probability and Statistics 
The generation and testing of random variates conforming to 
various distributions - uniform. noraal, exponential, Poisson. 
and arbitrary observed. The u.e of these in simulation studies 
ot queueing and other stochastic proce •• es including birth and 
death processes in populating studies. Use of the computer to 
~ff~ct these simulations. 
(36) 
Theoretical investigation of the preceding topics: 
Harkov chains. definitions and example •. 
General properties of Harkov motion . The stability of a Harkov 
system. 
Introduction to queueing theory : single channel, Poisso n arrival. 
exponential service. 
Dete~inistic and .tochastic .adels for the growth of population •• 
Elementary theory ot epid .. ics: dete~inistic .odels with and 
without removal. 
Decision theory in the context ot industrial quality control. 
(45) 
.Optimisation 
constrained 0ptimisation - integer programming using branch and 
bound method, method of Lagrange multipliers, .. thad of constraint 
elimination . 
Unconstrained optimisation - direct search and gradient method •• 
Use of the c omputer to solve realistic optimisation problems. 
(5]) 
Session 4 (Degree) 
Lecture 
Tutorial 
110· 
50 
Revision and Examination 20 
Total 180 
Se ssio n 4 (Honours) Total time 130 hr. 
Linear Hathematics 
Eigenvalues &nd Eigenvectors - Eigenvalue problem for a linear 
transformation (matrix), orthogonality, diagonalisation. appli-
cations - vibrations, life-cycle matrices. simpl. economic 
systems etc . Caley-H .. ilton Th.orem. Use of computer to effect 
eigenvalue calculations. 
(25) 
Pr o bability and Statistics 
The g e nerati o n and testing of random variates conforming to various 
distribllti ons - uniform, normal. exponential, Pols.on and arbi-
trary obseco/ed. The use of the •• in sllSUlation studies of que-
ueing and o ther stochastic proce.se. including birth and death 
proc esses In population stud i •• and average run length character-
istics in Cusum quality control schemes. 
(18) 
Theoretical study of the preceding topics pur.ued in greater 
depth than for the non-Honours course: a s.lection to be .. d. 
frOG the followin9 list. to suit student and statf interest. 
related to project work and other interdisciplinary research 
activity relevant to the degree: Markov chain., queues, popu-
lation dynamiCS, theory of epidemics including deterministic and 
stochastic models; mathematical demography. 
In this work. in contrast with the non-Honours course, use will 
be made, in the theoretical treatment, of generatin9 functions and 
the partial differential equation. which th.s. functions satisfy. 
(30) 
Decision theory in the context of industrial quality control. 
(7) 
Of timi sa tion 
Constrained optimisation - integer programming using branch and 
bound method, method of Langrange multipliers including Kuhn-
TUcker relations, methods of constraint elimination. 
Unconstrained optimisation - direct search methods and gradient 
methods . 
Use of the computer to solve realistic optimisation problems. 
(50) 
Session 5 
Session 4 (Honours) 
Lecture 
TUtorial 
Revision and Examination 
Total 
94 
36 
20 
150 
Total time 81 hrs 
Survey of multivariate statistical methods with emphasis on 
problems arising in student projects and staff research relevant 
to wo rk in industry . 
(17) 
The statistical analysis of time series . The Box-Je nkins method-
ology and related forecasting procedures . The Spec tral analysis 
o f linear systems Transfer Function models . 
(24) 
Furt her s t udy of de t erministic and stochastic models in the 
b io l og i c a l and social sciences . Birth and death proce sses, com-
pe t i ng s pec ies, prey-p redator, population age distributions, 
compet ing e conomies, spread of epidemics. Interpreta t ion of 
typi c al c ompu ter pr i nts out fram statistical packages. 
(25) 
Use of analytic and numerical methods in the solution of dIffer-
ential equations arising in industrial problems. 
(15) 
Session 5 
Lectu re 65 
TUtorial 16 
Revision and Exaaination 15 
Total 96 
MATHEMATICS BOOKLIST 
Author 
Reference 
Sh .. rlock, A J 
RO@buck, E M 
Godfrey, M G 
Turner 
Matthews, G 
OWen, F 
Jones, R 
Snedecor, J W 
Cochran, W G 
Sprent, P 
Ena .. ry, G 
Sanderson, P C 
Leventhal, L A 
Peterson, T 
Davi e s, 0 L 
Conte & De Boor 
Goldberq. S 
Ziouts, 5 
Y •• pan, Friedman 
• Sa.lenl 
Title 
Calculus, Pure and 
Applied 
Advanced Mathematics, 
Vols land 2 
Calculus 
Statistics 
Statistical Methods 
Statistics in Action 
Elements of Computer 
Science 
Interactive Computing 
in BASIC 
Introdu ction to Micro-
proc esso rs 
Elementary Fortran 
Design and AnalYSis 
of Industrial 
Experim .. nts 
Short Term Forecasting 
Elementary Numerical 
Analysis 
Introduction to 
Difference Equations 
Linear , Inteqer 
Progra llllDing 
Operations Research 
Publisher 
Arnold 
J Murray 
Poly tech. 
Publisher. 
Iowa State 
U P 
Penquin 
Pitman 
Butterworth 
Prent ice-Hall 
I'Iac Donald & 
Evans 
Oliver & 
Boyd 
I CI Monograph 
Oliver & Boyd 
McGraw-Rill 
Year 
1, 2 
1, 2 
1, 2 
1. 2 
1,2,3 
1, 2 
1 
1 
2, 3 
2. 3 
2 . ) 
) 
J Wiley 3 
Prentice-Rall 3, 4 
J Wiley 3,4, 
4R 
Author 
Re f e r e nc e 
Ac k o ff. 
Sasieni 
Boyc e. W E 
Di Prima, R C 
Wagne r. H M 
Glaister, S 
Dixon . L C W 
~lite. Donaldso n 
II wwrie 
Al l e n , A 0 
Ad b y. P R 
Dempste r, M A H 
Toc he r, K D 
Co l e ma n, R 
Bai l ey , N T J 
I' e ndal l. Ii G 
Ke nda 1 1, Ii G 
Ao ,Jer son, 0 0 
Title 
Fundamentals of 
Operational Research 
Publisher 
J Wiley 
Elementary Differential J Wiley 
Equations & Boundary 
Value Problems 
Principles of 
Operations Research 
Mathematical Methods 
for Economists 
Non-Linear Optimis-
ation 
Operational Research 
Techniques 
Probability, Statistics 
& Queueing Theory 
Introduction to 
Optimisation Methods 
The Art of Simulation 
J Wiley 
Blackwell 
E U P 
Business 
Books 
Acad..mic 
Press 
Chapman & 
Hall 
E U P 
Year 
3, 4, 
40 
3, 5 
4, 48 
4, 4H 
4, 4H 
4, 4H 
4, 4H 
4H 
4H 
Stochastic Processes Allen 'Unwin 4H. 5 
The Elements of 
Stochastic Processes 
Multivariate Analysis 
Time Series Analysis 
Time S .. ri .. s Analysis 
& Forecasting 
J Wiley 
Griffin 
Butterworths 
4H, 5 
5 
5 
5 
Course 
Class 
SCHEME OF WORK (1985/1986) 
B.Sc. Science with Industrial Studies 
Year 4 (Honours) 
Teachinq Hours 
Recommended Readinq : 
44 (2 hours per week) plus 1 tutorial hour per week 
(1) Bunday, Basic Optimisation Methods 
(2) Zionts, Linear and Integer Programming 
WEEK TOPIC LOCATION* PROGRAM WORKSHEET 
1 Revision of linear algebra C 
2 Introduction to new concepts 
(definiteness, rank, etc.) C 
3 Eigenvalues and eigenvectors I 
(classical method, etc.) C 
4 Eigenvalues and eignevectors II 
(similarity transformations, modal 
matrices) C 
5 Powers of a matrix (diagonalisation, 
Cayley-Hamilton theorem) C 
6 The inclusion theorem and 
Gerschgorin's theorem C 
7 Similarity transformations and 
Gerschgorin's theorem C 
8 The power method and the Rayleigh 
quotient method CIM EIGEN 
9 Matrix deflation L EIGEN 
10 Applications of eigenvalues and 
eigenvectors C 
11 Revision C 
12 Unconstrained NLP problems 
(classical method) C 
13 Constrained NLP problems (equality 
constraints, elimination) C 
14 Constrained HLP problems (inequality 
constraints, Lagrange multipliers) C 
15 Fibonacci search and golden section 
search) L 
16 Spendley, Hext and Himsworth's 
Simplex method L HLP 
17 Nelder and Mead's method (including rout-
original article) L ines 
18 cycle co-ordinate descent, 
Cauchy's steepest descent L 
19 Newton's method L 
20 Integer programming problems with 
two variables C 
21 The branch and bound method for IP 
and MIP problems L LINPROG IP1 
22 The branch and bound method for IP 
and MIP problems L LINPROG 
* C: classroom: CIM: classroom with monitors: L: laboratory 
To,.l tl .. In Colla •• 
Por .11 .tudant. 
Delr.. •• we.k. 
Honour. 1)0 w •• k. 
Sktll. Appr.ctatlon (EA1) 10 weeka 
SWI )6 _eke 
To,el Duratton of Cour •• 
Delr •• 108 " •• k. 
Honour. 140 we.k. 
CNAA MONOUIS OlCltl/DICIII 
IN tLlCTIONIC AND 
CONHUNICATION EHCINlE.INC 
COUISI CUIIICULU" AHD ElAHlRATION SCK!DOLI 
SubJact 
I., Ya.r )6 week. (Inclu41n. 
e 4 w •• k IAI block) 
Ilectric.l Inltn •• rtnl 1 
Ilectrontc En.tn •• rtnl 
".tha .. ttc. 1 
Inltneerln. Science I 
Cooopu tl nl I 
C~ntcetlon Studt •• 
IAI In.Inaerlnl Dr."lnl 
• L.b ' •• Iltarl •• tlon 
'o,.el Lab Work 
IA2 L.b De.Iln !.ercl ••• 
IA2 Coeputln. A •• lln .. nt. 
TOTAL "r./Uk 20.6 
2nd Y •• r 18 "eek. (IncludAnl 
• 6 ".ek IAI block) 
El.ctrtcel I •• ln.ertnc 11 
Ilectronlc !nCln •• rtnl IIA 
Electronic In.lne.rtnl 11. 
"ath ••• t Ie. 11 
Enctneertnl Sctenc. II 
C~utln. 11 
Indu.trl.1 Studt •• 
tAl C~ut.r A •• I.n.ent. 
IA2 Indu.trt.l Stud ••• 
A •• tln_nt. 
!A2 Op.n-.nd.d t.b A •• '.n •• nt. 
'or_l Lab Work 
TOTAL Hr./Uk 22.S 
Ir./Uk 
t!«]!;t 
) 
) 
4.' 
) 
1 
1 
) 
2 
2 
4.5 
1 
1.5 
Toul 
lIu/fr 
.. 
" 144 
'6 
)2 
)2 
64 
64 
64 
)2 
66 
U. 
44 
99 
44 
22 
)) 
22 
II 
80 
]0 
I ••• p • .,.r. Oth.ra 
Ixt ••••••• d ------
I 
CW 
CV 
CW 
CU 
lat ta.r - KATRIMATICI I 
!!.!! 
The .~v •• ft~ ta .1... . ~ra.d fouad.tlon In ".th ... tlc. vhlch bvlld. 
aatvr.ll, a. t~ Rllh.r ".the .. ~lc •• tYdI •• at achool. I. p.rtlcul.r. the 
e.lc.lu. t ••• t •• d.d ta Includ. ~.chntqu ...... ppllcatlona r.l.tlne to the 
••• t ••• rt.. .ubJ.ct. af the cour... Th. .... 1. true of the ".trl. 
Al •• br •• 
Th. Math ... tlc. t.aehtnl la .nhane.d b, the u •• of cOllPUt.r pro.ra ... nd 
•• cll ••••• hlc" r.l.t. to c.rt.la porta af the a,U.bua. Aa 10 tho l.t.r 
,.ar. of th. c_r •••• tud.nta .tll be ct ••• ona a •• I •• _.t (142) of .. , 
••• I ... r'.' or .r.ctlc.l natur •• which will .or .. l1, r.qulr. 1 •••• tl •• tlon 
I. the Math ... tlc. Labor.tor,. 
S,llabu. 
I •• lc AI ....... 
1 •• 1.1 ••• f lo •• rit ...... d lndtc... Tr.n.for .. tlon of for .. l ••• 
fr.ctlo" •• 
ll .... t.r' AA.l,.la 
'.rthl 
(6) 
1 ..... ntt.1 .n. lo .... tth.lc functlo ..... th.lr .raph ••. Ci .. cul.r function. 
a~ thalr 1 ••• 1'.... Polar co- ordln.t... I •••• odd .nd ,.rlodtc functton •• 
a.wtelon 0' Ar •• nd CP.. Conwec.ence - .1 .. 1. te.te. Ilno.l.l •• rl ••• 
( 10) 
LtDe.r Al, .. bra 
El .... cary .. trt •• l._bra. deter.lnaftta. ta.er •• 01 ••• trt_. Solution of 
eloultan.ou. Itnear oQuatlon. u.lftl Cr ..... '. rule and Cau •• l.n 
.It.ln.tlon - appllc.tlon. ( ...... h and nodal analy.t.). 
( 12 ) 
'.ctor. 
Scalar .nd •• ctor product.; dtrectlon co.lft... Appltcatlon •• 
({) 
Co.pl •• Hu.b.r. 
CMAA MONO~RS DECREE/DECREE 
1M ELECTRONIC AND 
COHHUNICATION ENCINEEllNG 
Cart.alan, .,olar, •• pon.ntlal for... Ar •• nd dl'lr... D. Holvr.'. theor ••• 
l • .,.danc ••• nd .d.lttanc ••• 
(10) 
ealculu • 
Contlnult, .nd lI.lta. DUf.r.ntl.tio. fro. flnt prlnclpl... luI •• of 
dlff.r.ntl.tlon. LOR.elth.lc ••• pon.ntl.l .nd hyp.rbolle function •• nd 
th.lr d.rty.tl..... l.pUctt. loc.rlth.lc .nd p.r._trlc dlff.r.ntlattoft • 
St.tlonar, point •• 
Curv •• It.tchln •• tncludlnl •• ,.ptot.a. 'lr.t ."d •• cond ordar p.rtl.1 
d.rl ... tt ••• - .pplic.tion to .1'1'01'.. Int •• r.tlon - •• nar.l rul ••• 1-.1 • 
• ub.tltutlo". la.dln. to .t.nd.rd for... Int •• ratlon by part •• 
lnt •• r.tlon •• H.lt of •• u.. Appllc.tlona to .r •••• volu •••••• n. r.a. 
Ordinary dUf.r."tlal .qu.tlon. - •• rl.bl ••• par.bl •• tnt •• ratln. factor. 
S.cond ord.r Iln •• r with co •• t.nt co-.fflcl.nt.. Applle.tiona. 
".claurln' ••• rl ••• Ta,lor .... 1... II\4.t.r.ln.t. fo..... I'Ho.plt.l '. 
rul ... 
10011. LIST 
l WELTNER, J GROSJEAN. P SCHUSTER 
, W J WEBER 
5HEItLOCII:. ROUIICII: , GOO'UY 
CRAMAH. GIlAHAH , IIH I YCOHII! 
L.ctur •• 
Tuto .. hla 
TOTAL HOUlI.S 
".th ••• tlc. for Eneln ... r. and 
Set.ntlat. 
Thorn •• 
C.lculu •• 'ur •• nd Applt.d 
Arnold 
(l6) 
- 80 
- 64 
-144 
A-l.val ".th ••• tlc. Cour •• Co_pan Ion 
L.tt. 
2nd Tear - ~TREKATICS II 
AI •• 
Th" .,Ilabu. fol&_. tl\rOllCl\ .0_ of til' topici Introduc,d In th. flret 
, •• r •• t : h 
e".a" •• rt"c. 
.0.... ..ph •• '. o~ .pollc.tlon. In 
'nclud. I ..... nc. T"... ..til 
Ie ctrC",,' : a. ••••• (". : .0 ... of '0\&1"'." .".ly." 
b ...... O\Ir of cIrcuit. _del led by .Ylt._ 
r"n "., u'. Ie •• d. 01 coepu:.c p.ck'II" In An_l,.'_ ... d St. t I. t leo • ror ••• ..,1 •• th. 
•• ~ .".'Y.I •. 
.1.ctcl~.1 ."d 
.nd adlOlttl"C' 
. l .ct,onlc 
loci tor 
to CO_Oq ... v_for •• 
. ". t" • of dlffer.nel.l .qu.tlonl. 
ehe .. ork dona on Nu •• rlcal 
MICIIOTA' p.ck ••• la u •• d 
Th. 11.1 0 •• 11"_"= .. III "or •• lly t.k. ehe for. of an op.n-.nd.d 
l"v •• : ' •• :'o~ "'.41. & ... Inl the ue. of eta: tatlc. and / or nu •• clcal ana1y.ta. 
St lla"'" 
Thre. - Dl ... n.lon.1 Ceo •• try 
Vec t o, t,Ipl. p,~duct •• [q ... t l o n. of .tr.III"t l In •• and pl.n •• • 
( ~ ) 
Co.pl •• --.!.~'-.ble~ 
'unr t 'nn. o( • r~.pl •• vart.bl •• Cau c hy-Rt ••• nn ~ Qu a t ton • • Tra n ,t o r •• tlon . 
Lo c I. Appllc. t l o .... 
(II ) 
C.lculu. 
SI."I. I" ~ , " " un i on t o .. 01 : 1,,1. In : .cr.l. (Includln. c h.njl!e o t o r .... r . od 
rh."._ ." 
P I") I "' · . .",If 
-: fan.'or •• 
varlebl. l . '.r : I.1 d d t.r.,,:I.:lon 
· .. . I r .... _t ,,,. 'I)' • ' u nctton of 
': h .. , r •••• tn .ol vi nC d l ff.rent t.l 
d I ' f." .n t 1 .. 1 . '1 ••• • ' ... n. . fO llrieor ,.rl., - full 
, 'Jr • • 
c-h ol tn rult. 
: "'0 v ~r I.bl .. .. 
St a :.l o n ar y 
l. p l . (" ~ 
.. q .... : tno . and !tlfll1J l :. an. ol .4 
... d h .1 f - •• 00(", " "f>o n .. o tl .. 1 
(12) 
Probability/Statlltic. 
CNAA HONOURS D[CREE/DECREE 
IN ELECTRONIC AND 
~UNICATION ENGINEERING 
Introduction to atltlltlc.. Collectlo" and pr •• entl:lon of dat.. "e •• ur •• 
of central tendency. ".aaur.. of dhpe,.lon. Per.utatlo". .nd 
co.bln.t Ion.. 'robablll ty h_: '.y •• ' Th.or... 51.ple cor relet 1"" .nd 
,oll, •• alon. .ando. v.rtabl... Probabtllty ... ".Uy fu"c:lon.. Prob.bliity 
dlotrlbu.l o"., ac, 'Ino.,.l. Pol •• o". ","a:I ....... on.ntl.1 .nd CauI.I.,,; 
..p. c ta : l o f\ • 
( Il) 
N".erlcal Hetho d • 
[rro, •• n" II" •• , I"t.rpolatlo". l"tr04 .. ctlon to nu •• rlc.1 Int'llration 
( •• , SI."."n ' . o"d Tr.p •• ol ... l rul •• ). Slepia Itar. : lon. Newton-Ra .. II.on. 
lIo c ur,.o r . ,.Ia t 100.. ",,_rlcal .olutlo" of lit· ord.r ordl"ar, 
dUI., .. ntl"I .. " .. a : lo" •. Chol •• k, d.coepoa':lo,,_ 
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4 \I J WF. llf.R 
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s rf..PHF. N ~ " N 
C; TR OUP 
Sr. RATON 
Hili ; I LI. 
Lecture. 
Tutori.ls 
TOTAL HOURS 
"athe.atlci for [n.lne .. r. and 
Scl.ntl.t. 
Thorn •• , 19116 
(8) 
-55 
u 
- 99 
~.th ••• tICII l'I.tho" . in th. Ph.,.lc. 
Sclenc •• 
Wile, 
l'I.th .... tlc.1 H.tho" ~ r ~ , Scl .. nc. 
Stud.n: .. 
Lon" •• n 
Lapl.ce Trenlfor.s, Pr o~rA •• "~ an~ 
'roble •• 
Thorne. 
••• Ic Nu_rlcel l'1 .. t hn,15 
Arnold 
Adv.nced St.tl~:l cs 
Ie II , H" •• n 
I 
Jr' '.ar - KATMEKATICS III (0) 
AI_ 
SI"c. thle vlll b. th. final ,ear- of "atll ... tlc. for- decr-••• t"'.nt., the 
o •• r-all .t. 01 tht •• ,ll.b ... I. to pro.I ...... ovndln,-off of til •• t .. d.nt.' 
•• th._tlc.1 ..... c.tlo... To ... ppo .. t the .n,I" .... ln, .ubj.ct., .n 
'ntr04"ct'oft to V.ctor C.lcvl... I. ,I •• ", .10n. with .n .1 ... nt ... , 
t, •• t_ftt of ••••• 1 fv .. ctlon. "nd ... rtl.l 41ff.r ... tl.l ." ... tto.... In 
.4.1:1 .... the St.tl.t.c. co ..... d .n 2nd , .... I. t ..... n •• t ••• 'ur-th .... n4 
_,. vo,lI I. do ... I .. 1I,,_rlc.l An.l,.... 'no. tA2 ••• Ien_ .. t vi 11 lnvol ... 
•• t ..... :lc.l "'.111" •• Includln, tha v •• of the co.puter. 
5,1" .... 
C.lcvlv. 
I"tro' .. ctlo .. to •• ctor c.lc"lu.. Slepl. tra.t_nt of ••••• 1 f"nctlon. 
cr.,h.. SI ... la ... rtl.l .lff.r.nt •• 1 a4llv.tlon •• ,1.1", In co._nlc_tlon 
• ".1" •• '1 .... 
(12 ) 
Co ... l •• 'arl.bl.a 
'oJ ••••• ro •. r •• t.u ••• 
(II) 
'rob •• Illt,/St.tl.tlc. 
5 .... 1 ..... Ol.r:rlbutton of ••• pla ...n. Conti denee Interv.l •• 
Stcfttflr.nc. t •• tln •• 
1I .. _rle.l Analy.ls 
Tt,. _thod ot I .... : .... ".r... S,.:e •• of 
a"".:lon •• 2nd ord,r ordlnar, dlfferantt.l 
ot par : I.1 dlt'erantl.l eQu.tlon •• 
( I I) 
I.t order ordtnar, dltferentl.l 
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Le~t'.r.' 
Tutorial. 
TOTAL 
Nu.erlcal .0lutlon 
( t 4 ) 
- 44 
- 44 
- 1111 
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".th ... tlc.l ".tllod. In tho 'hy.lc.l 
Scl.nca. 
"II., 
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lrd 'e.r - KATRtKATICS 111(R) 
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'nt •• r.tlo". 
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( 10) 
C.lc"l". 
5.rl ••• olutlon of or4ln.ry 41ff.r.ntl.1 e""etlon.. St.plo tr.at •• nt of 
1 •••• 1 ' .. nct 10". - .r.ph.. SI ... le p.rtlel dlff.r.ntlal .quetlon. arl.lnll 
In CO~"t~.t Ion ."lln •• rln.. Orthoconal fuftct.ton.. '0\1("1.1' [(.n.for_. 
I"trod .. ct Ion to '.ctor Celcul.... L'no •• "rf.c. eftd volu .. Int,,"ral •• 
Voctor 14entltlo.. C.u •• • tll.or ••• nd Stolt •• ' th.ore.. Con •• rvatlv. 
fleI4 •• ".~.II'. a" .. atlona. I-tran.for ... Dlfferonc.oquetlon •• 
( H) 
Spacl.1 runctlon. 
n, ••• _. a .. 4 b.t. ' .. n~~I"n., t heIr prop.rtl •• end uae I .. tha .v.luatlon of 
ln~.c~.I.. .~, and a.I f~nct'on. and their prop.rtt ••• 
toctur., 
Tutorial. 
TOTAL 
( 10) 
- SS 
- 44 
- 99 
loor; LIST 
KRI!YZlC 
" J ""OOOCI{ 
IUA! 
SPlEGH 
"fAD( " 01 LLON 
OPPENHEI" , ~ILLSKr 
CNAA HONOURS DECREE/DECRII 
IN ELECTRONIC AND 
COHHUNICATION ENCINEERINC 
Adv.nced En.ln •• rln~ ".th ••• tlc. 
VUoy 
Pol ••• n. Z.ro. In Electrlc.1 .nd 
Control En~tneor'nll 
MOlt IUneh.rt 
Heth ••• tle.l Hethod. In the PII,.leal 
Sele"e •• 
Vtlo, 
Ad •• neod "atho .. tle, for Enliinoor. and 
Setoutata 
Seha~·. O"tline S.rl •• 
Si,nel. a.d S,.t •••• "04101. and 
loha"io"r 
Van No.trand Reinhold 
Sllnel. and Sy.t ••• 
Pr.ntlce H.ll 
'~h Y •• r - KA~TICS If (R) 
~ 
rOIl •• ,ll.~. co.n •• " ••• _ .f t'" St.tl.tlc •• 104 ",th __ ttc. I" .. olv." I .. 
.... 1_ ....... r ••• c ..... ' .... 1 ...... ro ...... I" •• f the .t ..... n'· ••• ,h ••• tlc.l 
•• ".f"."C'e. with .... I ... rther ,",or'" 'n ""_rica' Analya'. ."d ... 
1 .. ,.o4ooc:l.- ,. O.,lol •• tlo" t.ch"I" .......... "1Ic.'I.,, •• 
rh. .. ... .. 
AI' ...... .. 
. "
, ... 
lu.ul" • 
....... 1. 
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t .. treductlon to S .... l.tlo •• 
".,II ••• elc., •• e .... l •• u •• of 
rho fAl ••• 1."_,,, .. Ill " ~..... 0" ell •• 1_1.,1." of • qu ... l ••• ,.t •• or 
......... '1 •• '10" I .. the fl.l •• f 0 •. 
'lll.~. 
'fo ... ~lll'rIS,.'I"le. 
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~,or ••••••• r.t.~n.rtty. autocorrelation ... cco •• -cocrelatlon. 
(16 ) 
.... _r le.1 A,,-~!.!.! 
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~~I\ltloft "f ~ •• ,,4 ... .,. •• I"a probl •••• Iftcl".'". the " •• of co.pt.Jte, 
pat' •••••• Olarr.t. 'ourl., tr.~.'of ••• 
(14 ) 
Clp~l.l •• tlo" 
It ............ _1 .... I .. ,. ••• dlnll t" •• 1.,1 •• _thode Int ••• r pro.ro_ln • 
• " ... I.,dl". th •• ranap"rt.·lon .rflbl.... "oft-II" •• , procr ... lnl. Includl" • 
• ". _~" .... 01 L •• ' .......... I : lpll.r •• II •• of .pproprl.t. cooput.r p.ck ••••• 
(".~) 
Quodn. S,IU_ 
CIAA HONOUIS OF-GIEE/D1C1EE 
IN ELECTIONIC AND 
COMMUNICATION [NCINEIII~ 
The '0 ilion proco... t.tr04uc:tt.. to tho H/H/I queue '.rtoua 
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TOTAL 
Lt ... r ..... l"t ••• r 'ro.r ... I". 
'r •• tlc. lIall 
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Ar •• 1. 
Tbaory .f Stocll •• tlc 'roc ••••• Not"_. 
~rlc.l Solution of !q ... tlon. 
N.l"._" .. 
A •• l •• u •• "d OI.lt.l 'Ilt.r • 
"."t Ie. Hell 
n.~ 
22 
".5 
A. l.tr ..... ctlo" to Applt.d 'ro~.blll:, 
VI1.y 
'rob.~lllt" I.n~o. Vorl.bl ••• ". 
........ SI.nol Prlnclpl •• 
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SCHEME OF WORK (1985/1986) 
Course B.Sc. Communication and Electronic Engineering 
Year 4 (HOnours) Class 
Teaching Hours 
Recommended Reading: 
26 (1 hour per week) plus 1 tutorial hour per week 
(1) Cox & Miller, Theory of Stochastic Processes, 
WEEK 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
chapter 1 . 
(2) Zionts, Linear and Integer Programming 
(3) Bunday, Basic Optimisation Methods 
TOPIC LOCATION* PROGRAM WORKSHEET 
Introduction to the Poisson process and 
some results from Queueing Theory C 
The MIMl1 queue C 
Various modifications and extensions of 
the MIMl1 queue C 
Uniformly distributed random nos. and 
the generation of exponentially 
distributed r.n.s L EXPRND EXPRND 
simulation of the MIMl1 queue L QUEUE 
Experiments with the MIM/1 simulation L QUEUE Q1 
Graphical solution of 2-variable 
linear programming problems CIM LINPROG 
The general LP problem C 
The Simplex method C 
Duality and complementary slackness C 
LP problem solving L LINPROG LP1 
Sensitivity analysis L LINPROG LP2 
Parametric programming L LINPROG 
Graphical solution of 2-variable 
integer programming problems C 
Branch and bound method for IP and MIP 
problems (3 or more variables) C 
IP and MIP problem solving L LINPROG IP1 
Further IP and MIP problem solving L LINPROG 
Unconstrained non-linear programming 
(classical methods) C 
constrained non-linear programming 
(constraint elimination) C 
Constrained non-linear programming 
(Lagrange multipliers) C 
Investigation of search methods C 
Investigation of gradient methods C 
Solution of tridiagonal systems of 
equations c 
Solution of boundary value problems 
(2nd order linear ODEs) C 
Investigation of finite difference 
schemes L 
Solution of problems by finite 
differences L OWN PRoe 
* c: classroom: CIM: classroom with monitors: L: laboratory 
APPENDIX 4 
student questionnaires 
Mathematics Quescionnaire 
1. Background 
Nam. of course I 
Year of study J 
Qualifications in mathematlcs 81 (including grades) e9 SeE Higher II 
------~-----------
2. Mathematics 
In the following questions please tick the most appropriate answer. 
a) Wbuld you describe your mathematical abilities as? 
19
00d 
1 . avera9~ poor _ 
bl How would you rate your enjoyment of mathematics? 
enjoy 1 t very much 
oKat diS-ike 
c) In relation to the rest of your course, do you see the 
mathematics content as 
3. Computers 
a) Have you used computers before? 
i) at college: 
ii) at school: 
very useful 
talrly useful 
lrrelevant 
regularly 
occaSlonally 
not at all 
reQularly 
occasionally 
not at all 
iii)elsewhere (eg at home~r~e~!g~lu~l~a~r~l~Y~~ __ ~ 
occaslonally 
not ac all 
b) Have you written your own programs? 
c) As an aid to learning mathematics, do you think that the use of 
computers at school and/or college is 
,1) Do you enjoy (have you enjoyed) using e (schOOl)? 
4. It is entirely optional but it would be helpful to have your name (or j,!Scudonym) for comparison with future questionnaires. The information you 
· ~ive is confidential and will be used only for research purpo •••. . If you use 
. 1 p~euJonym please use the same one each time. 
Name 
(, h~nk you for your help. 
student Questionnaire 1985/86 
(All replies are confidential and are for research purposes only) 
Where a multiple choice question is asked, it is best to reply according 
to your first instinct. Where reasons are asked for, try to give the 
question more thought and give a useful response. . 
1. Is mathematics your favourite subject 
least favourite subject 
neither 
2. Do you enjoy using computers in mathematics very much 
okay 
not at all 
3. Tick any of the following computer packages which you have used in 
the mathematics laboratory this session: 
GRAPH NEWTON NUMINT KUTTA 
GAUSS LINPROG .MEI(REG1, REG2) SURF(3D pictures) 
4. For each package used, how would you rate the following aspects: 
(1 - very highly: 2 - highly: 3 - okay: 4 - poor: 5 - very poor) 
Name of packag_ Ease of use Reliabili ty Usefulness 
of output 
5. Which package did you find most useful? 
Why? 
S~1 
6. Have you used any PRIME computer packages this session (e.g. 
MINITAB)? 
It YES, do you preter working on (a) the PRIME? 
(b) the BBC micros? 
Why? 
7. In what ways, it any, do you think computer packages can help you 
in mathematics (e.g. solving realistic problems, understanding 
graphs, less arithmetic, experimenting with dHferent parameters 
in a problem, working at your own pace, etc.)? 
8. During your mathematics course this sesson, do you think computer 
packages were used: 
too much 
about riqht 
not enough 
9. Do you think some computer-based work should be included as part 
of your overall assessment? 
10. Can you suggest any ways in Which the mathematics laboratory could 
be improved (e.g. more computers, lineprinters or deskspace, more 
time tor tutorials, more help available, more open access, better 
worksheets, etc.)? 
11. In the mathematics laboratory, do you preter: 
(a) supervised sessions? 
(b) workinq on assignments in your own time? 
12. In the mathematics laboratory, do you like to work: 
on your own 
in pairs 
in a small qroup 
13. In relation to the rest ot your course, do you find the 
mathematics content: 
very useful 
fairly useful 
not at 311 useful 
14. Do you own a micro (wholly or shared)? . 
It you qave your name (or pseudonym) on the first questionnairs, please 
qive it here also (the same one!): 
Name: 
Many thanks tor your help. 
SQ.1 
Student Questionnaire 
1. Title of course 
Year of course 
Se:·: 
2. Do you enjoy mathematics? 
NODES 
very 11H .. IC h 
okay 
not a~ aU 
3. Have you previously used computer pac kages for mathematics? 
~requently a. on a mainframe 
occasi onaTT y 
not at aTT 
b. on a coi cro freql..lentl y 
occasionall y 
not at aLl 
4. Do you enjoy using computer packages in mathematic.? very 
o kay 
not 
5. For how many sessions have you used NODES? 
6. Hav e you enjoyed using NODES? very ml..\ch 
o kay 
not at. aLl 
I . How would you rate NODES for the following feature. ? 
1 v ery highly : highly 3 okay 4 poor ~ very poor 
ease of use 
usefulne •• of screen output 
rel1 ablllTy 
fleXlbll1ty7optlon. o??erea 
SQ: 
ml.lc:h 
at all 
8. For Whlc:h elf th. fcllowing reasons, If .ny, wo~ld yOI.J reeD_mend 
IAsi ru; NOOES'? 
a. to enhance und.r.tanding of the num.rical .olution of 
ord.r d •• •• and .y.t.m. of d •• ·s 
b. to check hand-calcl.Jlated resl.Jlt. 
c. to obtain num.rical soll.Jtions of 1st order d.It's and 
svstetlls of d •• '. 
1st 
d. to inve.ti~at. the effect on the solution of varying the 
m.thod, step 5i:., initial conditions etc 
e. to obtain graphical soll.Jtion., of d.e ' s or systems ot 
d.~·s 
f. to obtain phase plots of syste'lls f d.e·s 
9· to dwtermlnlt and ana.Lyse t:ne oenaV10I.Jr ot a moCfeT, 
' nvntvinQ d.e's 
h. to investi~at. the aCCl.Jracy of nl.Jm.rical solutlons 
1 • ot:ner r.ason. 
9. Which featl.Jres do you li ke most abol.Jt NOCES '? 
10. Which f.atl.Jres do you like l.ast about NODES? 
11. Co yOI.J consid.r num.rical solution of d •• • • to b. a I.Js.fl.Jl topic 
to be incll.Jd.d in your cours.? 
1:. Co you think som. comput.r-ba •• d work .hould be included ~s part 
o f yOl.Jr ov.rall a ••••• m.nt~ 
supervi •• d •••• ion. 
.ork 1ng on a.signm.nts 
1n your own tim. 
Ooth equally 
14. In the math.matics micro-laboratory, do you pref.r to work 
on your own 
1n pairs 
1n a small group 
. . . . . . . . . . . . . . . . .. 
Than k yOI.J very ml.Jch for your help in filling in this ql.J.stionnair •• 
Stud.nt Qu •• tionn.ir. 1986/87 
(All rep11 ••• r. confid.nti.l .nd .r. tor r •••• rch purpo ••• only) 
Wh.r •• multiple choic. qu •• tion i. a.k.d, it i. b •• t to r.ply .ccordinc 
to vour tir.t 1n.tinct. Wh.r. r ••• on •• r ••• ked tor, try to eiv. the 
qu •• tion more thoueht .nd eive • u •• tul r •• pon ••. 
1. Do you .nJoy m.them.tic. very much 
oka,v 
not .t all 
2. Do you .nJoy u.ine computer. very much 
oka,v 
not .t .11 
3. Tick any ot the tollowinc comput.r pack.c •• which you h.ve u.ed 1n 
the math.m.tic. l.boratorie. th1 ••••• ionl 
GRAPH SURF NUMINT GAUSS QUEUE 
MODIS !IG!N L.INPJltOG L.PROG2D MICROTA8 
4. It you h.v. u •• d .n¥ ot the p.ck •••• m.ntioned b.low. how would you 
r.te the tollow!ne •• p.cta: 
(1 - very hiChlYI 2 - hichl¥: 3 - oka,v: 4 - poor; 5 - very poor) 
Nam. ot packac. !a •• ot u •• R.liabilit¥ U.etuln ••• 
ot output 
GRAPH 
NUMIHT 
LINPROG 
NODIES 
QUIEUI 
. 
5. Which packa •• (of all the on •• ¥ou have u •• d) did you tind .o.t 
u •• tul? Wh¥? 
S«3 
6. Have you us.d any PRL'f! computer packaqu this susion (e.q. 
}UNITAI)? 
It YES, do you pr.t.r workinq on (a) the PRIME? 
(b) thl BBC mierol? 
Why? 
7. In what waYI, it any, do you think computer packaqes can htlp you 
in math.matici ( •• q. solvinq r.alistic problems, und.rstandinq 
graphs, 1... arithmetic, experimentinq with dif !trent parameters 
in I problem, workinq at your own pae., etc.)? 
8. Ourinq your math.matics COurSI this s.sson, do you think computer 
packaq.s w.rl USld: 
too much 
about riqht 
not .nouqh 
9. 00 you think some comput.r-bas.d work should b. includ.d as part 
ot your ov.rall assl.sment? 
10. Can you suqq.lt any way. in which the mathemltics laborato~could 
be improved (I.q. morl comput.r" linlprint.r, or d.sJespacI, mort 
time tor tutorial" mort hllp availabl., morl open acc ••• , ,bltt.r 
worklh.lt., ItC.)? (?It-.sc statlt ~I&'" I .. ,-" .. ~ M l'\.fC"' .••• ~ ) 
C c, .... , $'-'" "".",t 
11. In the aath.aat1cl laboratory, do you prltlr: 
( I) IUpervill4 .... iona? 
(b) vorJc1nq on alli~nt. 1n your own timl? 
12. In thl mathematics laboratory, do you likl to work: 
on your own 
in pairs 
in I small group 
13. In relation to thl rest of your courSl, do you find the 
mathematics cont.nt: 
very us.ful 
tairly useful 
not at !ll useful 
14. Do you own a micro (wholly or shared)? 
It you gavI your naml (or pSludonym) on thl first qulstionnair!, pleas. 
give it hlrl also (thl saml onll): 
Name: 
Many thanks for your hllp. 
SQ3 
Student Questionnaire 
Computer packales for Mathematics 
1. Title of course 
Year ot course 
Male 7 F HlCil. 
2. How would YOU rate your enjoyment ot mathematics ? 
SQ4 
(Circle the answer which corresponds most closely to your opinion. ) 
enjoy it very much ------------------------> not at all 
1 .2 3 4 
3. Does the use ot the maths. science lab. packa(es contribute towards 
your enjoyment of mathematics ? 
very much ------------------------------> not at all 
1 2 3 4 
4. Tick any ot the following computer packages which you have used in 
the mathematical sciences laboratories this session: 
GRAPH 
SURF 
MEl 
ALE VEL 
NODES 
DEPLOT 
TRIG 
MICROTAB 
NUMINT 
NEWTON 
EXPRND 
VIEW 
LINPROG 
LPROG2D 
QUEUE 
VIEWSHEET 
EIGEN 
FOURIER 
COMPLEX 
5. For each ot the packafes mentioned below, which you have used. can 
you rate the given aspects on a scale 1 ....... 4 as tollows: 
very highly ----- highly ----- okay poor 
1 2 3 4 
package ease ot use reliability usetulness range of 
ot sottware ot screen options 
GRAPH 
LINPROG 
NODES 
SURF 
MlCROTAB 
SQ~ 
S. Do you think that the use ot computer packaces in mathematics has 
helped YOU in any ot the tollowin~ ways:- (Tick tor YES) 
better understandin~ ot a topic/ 
al~orithm/method 
able to visualise solution 
more clearly 
solving problems 
experimentin~/ investigations 
workin~ at own pace 
checkin~ results 
report writin~ 
o 
o 
o 
o 
o 
o 
o 
It YES, which packace(s) ? 
7. Can you think ot any other ways use ot packaces has helped? 
8. Do you think some oomputer-based assessment should be included as 
part ot your overall assessment? 
9. As an aid to learnin~ mathematics. do you think that t he u s~ of 
computer packacea is 
very usetul 
1 
----------------------------> 
2 3 
not at all useful 
4 
Thank you very much tor your help in tillinl in this questionna l re. 
Student Questionnaire SQN2 
Computer packales for Mathematics 
1. Title ot course T 
-'lear or course I 
Male / Female 
2. How would you rate your enjoyment ot mathematics ? (Cirole the answer whioh corresponds most closely to your opinion. ) 
enjoy it very much ------------------------) not at all 
1 2 3 4 
3. Does the use ot the maths. science lab . packages contribute towards 
your enjoyment ot mathematics ? 
very much 
1 
------------------------------> not at all 
2 3 4 
4. Use of the mathematical sciences laboratory packages can involve 
(amongst other things) 
a) investigating a mathematical model 
b) analysing the sensitivity of a solution 
c) report writing 
Can you rate each of these aspects under the given headings in 
the table below on a scale 1 ........ 4 
eg 1 -------------2------------3---------> 4 
very interesting not at all interesting 
interesting enjoyable useful towards 
the rest of your 
course 
investigating a model 
analysing sensitivit~ 
report writing 
5. Do you think some computer-based work should be included as part 
of your overall assessment? 
6. Does use ot the lab. enhance your understanding ot any a.peets of 
mathematics ? 
yes,very much ------------------------------> not at all 
1 2 3 4 
It yes, which aspects ? 
The followin, questions refer to your use of the NODES packaae durin, 
the ourrent session, 1978/88. 
7. For how many sessions have you used NODES? 1 
2-~ 
>~ 
e. How would you rate NODES for the followin, features? 
(Cirole your answer) 
very highly 
-----------> very 
ease of use 1 2 3 4 
usefulness of screen output 1 2 3 4 
reliability of software 1 2 3 4 
range of options 1 2 3 4 
suitability for investigative/ 
experimental use 1 2 3 4 
poor 
9. For which of the followin, reasons, if any, would you recommend 
using NODES? 
a. to obtain ,raphical solutions of d.e's or systems of 
d.e's 
b. to enhance your understandin, of the solution of 1st 
order d.e's and systems of d.e's 
c. to determine and analyse the behaviour of a model, 
involvin, d.e's 
d. to obtain phase plots of systems of d.e's 
e. to obtain numerical solutions of 1st order d.e's and 
systems of d.e's 
f. to investi,ate the effect on the solution of varyin, the 
method, step size, initial oonditions etc 
g. to cheok hand-calculated results 
h. to investi,ate the aocuracy ot numerical solutions 
1. other reasons 
10. Which teatures do yOU like most about NODES? 
11. Which features do yOU like least about NODES? 
Thank you very much tor your help in tilling in this questionnaire. 
LPAQ 
LINPROG 
student Survey 
For each of the followinq statements, tick the column which corresponds 
most closely to your own views, according to the followinq scale: 
5 stronqly aqree ( J../) 
• aqree (v1 
3 not sure or doesn't apply (1) 
2 disaqree ( x ) 
1 stronqly disaqree (xx) 
1. I enjoyed usinq LINPROG 
2. I couldn't understand what the proqram was 
doinq 
3. usinq LINPROG helped me understand the 
Simplex method 
4. usinq LINPROG helped me understand the 
concept of duality 
5. I prefer conventional tutorials to usinq 
LINPROG 
6. It was interestinq to investiqate the 
sensitivity of the solutions of problems 
7. I learn more by workinq it out by myself 
on paper 
8. I like to experiment with different 
parameters and see how they affect the 
solutions 
9. LINPROG reinforced my understanding of 
linear programming 
10. I had difficulty using LINPROG 
11. Usinq LINPROG helped me to understand the 
branch and bound method for inteqer 
proqramming 
12. Usinq LINPROG made the topic more interestinq 
13. I did not learn anything new about linear 
programminq 
5 4 
.J..J ./ 
3 2 1 
1 x xx 
/14 ••.. 
LINPROG 
14. Knowledge of linear programming techniques 
would be useful when working in industry or 
commerce 
15. I am only really interested in passing my exam 
16. Similar computer programs should be used to 
enhance the learning of other topics 
17. I prefer to work by myself on the computer 
18. The program was user friendly 
5 4 3 
N J ? 
S 
Please add any other comments you wish to make about LINPROG here: 
LAAQ 
2 1 
x xx 
NAQ 
NODES 
--
Student Survey 
For each of the followinq statements, tick the column which corresponds 
most closely to your own views, accordinq to the followinq scale: 
5 stronqly agree ( .JJ) 
4 agree (./) 
3 not sure or doesn't apply (?) 
2 disagree (x) 
1 stronqly disaqree (xx) 
1. I enjoyed usinq NODES 
2. I couldn't understand what the proqram was 
doinq 
3. Usinq NODES helped me understand numerical 
methods for solvinq differential equations 
4. usinq NODES helped me understand stiff 
equations 
5. Usinq NODES helped me understand the effect 
of errors on the solution 
6. I prefer conventional tutorials to usinq NODES 
7. It was interestinq to investiqate the 
sensitivity of solutions to d.e.s 
8. I learn more by workinq problems out on paper 
9. I like to experiment with different parameters 
in the proqram and see how they affect the 
solution 
10. Graphical solutions of d.e.s are easier to 
understand than numerical values 
11. I had difficulty usinq NODES 
12. NODES reinforced my understandinq of the 
behaviour of solutions of d.e.s 
13. Usinq NODES made the subject more interestinq 
14. Investiqatinq a model usinq NODES is a useful 
exercise 
5 4 
JJ v 
3 2 1 
? x xx 
/15. • • . 
15. I did not learn anything new about solving 
differential equations 
16. 
17. 
I am only really interested in passing my exam 
~."" .. tic.al Experience of investigating~odels would be 
useful in industry 
18. Similar computer programs should be used to 
enhance the learning of other topics 
19. I prefer to work by myself at the computer 
20. The program was user friendly 
5 4 3 
"J J ? 
5 
Please add any other comments you wish to make about NODES here: 
NAQ 
2 1 
x xx 
APPENDIX 5 
staff questionnaires 
I. During the 1984/85 session, did you make use of the facilities in 
the mathematics laboratory: 
(a) for a formal class meeting 
(b) by setting assignments for students to complete 
in their own time 
(c) on your own 
(d) not at all 
(complete Section IV onwards) 
/i 
II. If your answer to I includes (a), (b) or (c) then, for each of the 
packages listed below, which you have used, please indicate your 
rating and any comments : 
package Name Rating Comments Very 
.... 
Good 7 Poor 
1 2 3 4 5 
r 
GRAPH 
TRIG 
NEWTON 
NUMINT 
KUTI'A 
EIGEN 
DE PLOT I 
QUEUE ! 
IBM.STAT 
III. If your answer to I above includes (a) or (b) I 
1. List classes involved: 
L~1 
J 
2. How often, on average, did you use the lab for formal class ~eet ings? 
(tick one ~~swer ) 
(a) more than 2 hours per week i ' 
(b) 1 to 2 hours per week 
(c) less than 1 hour per week 
(d) less than 1 hour per week 
3. For which of the following purposes did you choose to use the 
packages available in the laboratory: 
(a) an improved teaching method 
(b) a means of solving more realistic problems 
(c) to carry out investigations and/or experiments 
(d) to carry out (mini) projects 
(e) any other (please specify) 
4. For each of the categories in (3) above, indicate how successful 
you rate the experience: 
I 
very successful Fairly successful Not successful J 
I 
(a) 
(b) 
(c) 
I (d) I I 
(e) 
IV. Answers to the following questions would be much appreciated: 
1. Can you suggest improvements to the existing software? 
2. What additional software would you like to see provided? 
3. What other lab facilities would you like improved? 
4. In what way does the availability of the packages in the lab 
affect your approach to teaching? 
Iv .... 
i 
I 
J 
i 
I 
I 
I 
I 
I 
v. If your answer to I above is either (c) or (d), please indicate 
which of the following reasons apply: 
(a) use of the microcomputer considered inappropriate 
(b) appropriate software not yet available LJ 
(c) back-up materials (e.g. worksheets) not available 
(d) lab already booked 
(e) teaching not at Merchiston 
(f) other - please specify D 
VI. please add any other comments which you feel may be helpful: 
LQl 
Staff Questionnaire lq8~18' 
1. During the 1985/86 session, did you make use of the facilities 
in the mathematics laboratory: 
(a) for a formal class meeting 
(b) by setting assignments for students to complete in their own 
time 
(c) on your own 
(d) not at all (please complete question 7) 
2. For each of the packages listed below, which you have used, 
please rate the package for the aspects listed. 
(1 very highly: 2 highly: 3 fair: 4 poor: 5 very poor) 
Package reliability ease of use use fulness 
of au q )U ~ 
GRAPH 
TRIG 
NEWTON 
NUMINT I 
KUTTA 
EIGEN 
DEPLOT 
LQl 
D 
D 
o 
D 
--
QUEUE 
-
GAUSS 
LPROG2D 
LINPROG 
EXPRND 
SURF 
M.E. I. I ; 
3. How often, on average, during the first 2 terms, did you -..> ": ~. ~ _:J _ 
lab for formal class meetings? (tick one answer) 0 (a) more than 2 hours per week 0 (b) 1 to 2 hours per week 
(c) less than 1 hour per week ~ 
-I I (d) 1'=5::) thall 1 hour per month I 
4. For which of the following purposes did you choose to use the 
mathematics laboratory? 
(a) to re-inforce/ enhance understanding of an algorithm/ method c=J 
(b) as a means of solving more realistic problems c:J 
(c) to carry out investigation and/or experiments c:J 
(d) to set student assignments using packages c:J 
(e) to set student assignments/ projects involving students c=J 
writing their own programs 
(f) any other (please specify) c=J 
5. For each of the categories in (4) above, indicate how successful 
you rate the experience 
-
very successful fairly successful not successful 1 
: 
(a) ! 
(b) 
(c) 
(d) 
(e) 
(f) 
6. Can you suggest any improvements to the organisation of t he 
mathematics laboratory (eg layout, peripherals, technica l 
support) ? 
7. Have any of the following reasons prevented you from making use 
of the mathematics laboratory when you would have liked to? 
(a) class size too large 0 
(b) appropriate software not available 0 
( c) back-up materials (eg worksheets) not available 0 
(d) lab already booked 0 
(e) teaching not at Merchiston 0 
( f) other - please specify 0 
LQ3 
L.Q3 Statt Questionnaire 1988/87 
1. Durin, the 1988/87 session, did you make use of the facilities in 
either ot the mathematics laboratories: 
for a formal class meet in, 
by settin, students assignments to complete in 
their own time 
on your own 
not at all (please complete question 10) 
2. Packyes 
Circle any ot the followin, computer packares which you (or your 
classes) have used in the mathematics laboratories this session: 
GRAPH SURF TRIG EIGEN 
NODES KUTTA DEPLOT GAUSS 
LINPROG LPROG2D COMPLEX 
NEWTON NUMINT M.E. I. 
EXPRND QUEUE MICROTAB 
BM-STAT VIEW VIEWSHEET 
3. Software 
For each of the packares listed below, which you have used, please 
rate the saf~QYe for the aspects listed. 
(1 very hiahlYi 2 hiahly; 3 tair; 4 poor; 5 very poor) 
, 
Packare reliability ease ot use usefulness tlexibi li ty 
of output / options 
GRAPH 
LINPROG 
.. -
NODES 
MICROTAB 
SURF 
COMPLEX 
LQ3 
4. Worksheets 
For each ot the packaces below, please 
which you have used this session (by 
rating tor each: 
list any lab. worksheets 
number or topic) and ,ive a 
Worksheets used Rat in' 
(1 very hi,hly .... 5 very poor) 
GRAPH 
NODES 
LINPROG 
.. 
MICROTAB 
, 
5. Would you like more worksheets to be provided in the laboratories? 
If yes, for what topics? 
6. Which packag.)(ot all the ones you have used) did you find most 
useful? Why? 
7. How otten. on average, durinc the first 2 terms (2nd term only at 
Crai,lockhart) did you u.. the laboratories tor formal class 
meet in,s? 
Merchiston crai'lockh~.~ 
more than 2 hours per week 
1 to 2 hours per week 
-
. . . . _. __ .-
1 to 4 hours per month 
less than 1 hour per montb 
LQ3 
8. For which of the following reasons did ~ou choose to use the 
mathematics laborator~? 
to reinforce/ enhance understanding of an algorithm/ method 
-
as a means ot solving more realistic problems 
to carr~ out investi,ations and/ or experiments 
to set student assignments usin, packaces 
._ -.. 
to set student assignments/ projects involvin' the student 
writing programs 
preparation of classwork/examinations/worksheets etc 
other (please specit~) 
9. Improvements to laboratories 
a) Do you think permanent technical support is required 
in or near the laboratories? 
b) Do you think the mathematics department requires 
i) lar,er laboratories 
ii) more laboratories 
c) Do you think instruction sheets are required for 
i) each packaae in lab. 
ii) ,eneral use of packaaes. printers etc 
d) What other improvements? 
10. Have any of the tollowing reasons prevented you from makin, use of 
the mathematics laboratories when you would have liked to ? 
class size too large 
appropriate software not available 
---worksheets not available 
insufficient class time 
lab already booked (please state approx. number of occasions) 
lab out ot order ( .. .. .. .. .. ) 
I 
--4 
I 
. , 
LQ4 
Statf Questionnaire 1987/88 
1. Durin~ the 1987/88 session. did you make use of the facilities in 
either of the mathematics BBC laboratories: 
for a formal class meetin~ 
by setting students assignments to complete in 
their own time 
on YOl.lr own 
not at all (please complete question 8) 
2. How often. on average. during the first 2 terms did you us~ th~ 
laboratories for formal class meetings? 
more than 2 hours per week 
1 to 2 hours per week 
1 to 4 hours per month 
less than 1 hour per month 
OR total no. of hours during session 
3. Packages 
Circle any of the followin~ computer packages which you (or your 
classes) have used in the mathematics laboratories this s~ssion: 
GRAPH NODES NUMlNT LlNPROG EIGEN 
SURF DEPLOT NEWTON LPROG2D FOURIER 
MEl TRIG EXPRND QUEUE COMPLEX 
ALEVEL MICROTAB GAUSS VIEW vIEWSHEET 
4. For which of the followin, reasons did you choose to use the 
mathematics laboratory (for supervised sessions or to set 
assignments ) ? 
to reinforce/ enhance understand in, ot an al,orithm/ method 
as a mel3.ns of solving more realistic problems 
to carry out investigations and/ or experiments 
to set student assignments/ projects involvin' the student 
writing programs 
preparation of classwork/examinations/worksheets etc 
other (please specify) (eg student motivation) 
5. Would you like more worksheets to be provided in the laboratories? 
If yes, for what topics? 
6. What additional computer packages would you like provided in the 
BBC laboratories ? 
7. Did you include any computer-based work as part of the student's 
overall assessment for any course this session? 
8. Have any of the following reasons prevented you from making use of 
the mathematics laboratories when you would have liked to ? 
class size too lar,e 
appropriate software not available 
worksheets not available 
insufficient class time 
lab already booked (please state approx. number of occasions) 
lab out of order ( .. .. .. .. .. ) 
class not based at Merchiston or Crai,lockhart 
...... .... .... .... 
Thank you very much for your help in fill in, in this questionnaire . 
Staff Questionnaire LQL2 
Computer packages tor Mathematics 
LINPROG 
1. For which course did you use LINPROG: 
Title ot course: 
Year of COl.lrse : 
2. For which of the following reasons. if any. did you choose to use 
LINPROG? 
a. to enhance understanding of the Simplex method 
b. to enhance understanding of duality 
c. to solve realistic L.P. problems 
d. to carry out a post-optimal analysis 
e. to solve integer programming problems 
f. other reasons 
3 . For each of the categories above, indicate how successful you rate 
the experience. 
very successful 
--------------) not successful 
a . 1 2 3 4 
b. 1 2 3 4 
c. 1 2 3 4 
d. 1 2 3 4 
e. 1 2 3 4 
f. 1 2 3 4 
4. How would you rate LINPROG for the followinlt features? 
very highly -----------) very poor 
ease of use 
usefulness ot screen output 
reliabil i ty 
flexibility/options offered 
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5. Which features do YOIl like most about LINPROG? 
6. Which features do you like least about LINPROG? 
7. Can you suggest any improvements? 
8. What was the students reaction to using LINPROG ? 
9. What kind of support material did you use with LINPROG ~ 
eg handouts, worksheets etc. 
(A copy of of any such tutorials or worksheets would be much 
appreciated. ) 
10. Did you include some computer-based work usin~ LINPROG as part 
of the overall assessment for the course? 
11. Can you suggest any other topics for which a similar package would 
be beneficial ? 
Thank you very milch for YQIJr h"lp in fillin~ in this questionnaire. 
LQNl 
LQN2 Staff Questionnaire - NODES 
1. For which of the following purposes did YOU ohoose to use NODES 
a to obtain graphical solutions of d.e. 's or systems of d.e's. 
b to obtain numerical solutions of d.e's or systems of d.e's 
c to investigate the accuraoy of numerical solutions 
d to enhance understanding of the solution of 1st order 
d.e's or systems of d.e's 
e to investigate the effect on the solution of varying method, 
step size, initial condition~ etc 
f to obtain phase plots of systems of d.e's 
g to determine and analyse the behaviour of models involving d . e ' s 
h any other (please specify) 
3. For each of the oategories above,indicate how successful you rate 
the experience. 
very sucoessful 
--------------> not successful 
a. 1 2 3 4 
b. 1 2 3 4 
c. 1 2 3 4 
d. 1 2 3 4 
e. 1 2 3 4 
f. 1 2 3 4 
g. 1 2 3 4 
h. 1 2 3 4 
4. How would you rate NODES for the following features '? 
very hi6thly 
-----------> very poor 
ease of use 1 2 3 4 
usefulness of screen output 1 2 3 4 reI iabi 1 i ty 1 .) 3 i~ flexibility/options .. offered 1 2 3 4 
LQNl 
5. How often did you use NODES for 
a} supervised sessions 
b) student assignment 
c) classroom demonstration 
6. Which features do you like most about NODES? 
7. Which features do you like least about NODES? 
8. Can you suggest any improvements? 
9. What was the students reaction to using NODES? 
10 . What kind of support material did you use with NODES ~g h ~ndouts , 
worksheets etc? (A copy of any tutorials or worksheets WQuld be mu ch 
apprec iated. ) 
11. Did you include any computer-based work using NODES as i ~rt of t he 
overall assessment for the course? 
Thank you very much for your help in filling in this qu ~st: ~ " nn ·",i.r ~ . 
. ~ 
~. 
APPENDIX 6 
External questionnaires 
Student Questionnaire SQU 
Computer packases tor Mathematics 
LINPROG 
Title ot course 
. ' Year ot course 
:::iex 
2. How would you rate your enjoyment ot mathematics? 
(Circle the answer which corresponds most closely to your o~lnlon. ) 
enjoy it very much 
1 
------------------------> 
2 3 
not at all 
11 
3. Have you ~reviously used computer pa 
a. on a maintrame 
cka2:es tor mathematics 
freCluently 
occasionally 
not at a-rl 
b. on a micro tt'equently 
occasionally 
not at all 
U. Do you enjoy usinz computer packazes in mathematics? 
very much 
1 
-------------~-~-----------> 
2 3 
not at all 
5. For how many sessions have you used LINPROG? 
6. Have you enjoyed usinz 'LINPROG? 
very much 
1 
---------------------------> 
2 3 
not at all 
11 
7. How would ¥ou rate LINPROG tor the tollowins teatures? 
ver~ h1Shly 
-----------> very 
ease of use 1 2 3 u 
usefulness ot screen output 1 2 3 u 
reliability 1 2 3 II 
flexibility/options otfered 1 2 3 u 
poor' 
8. For which oe the eollowin~ reasons, if an~, would you recommend 
usin~ LINPROG'? 
a. to enhance understandin~ of the Simplex method 
b. to solv~ realistic L.P. problems 
c. to solve inte~er pro~rammin~ problems 
d. to enhance understan~in~ of duality 
e. to check hand-calculated results 
f. to carry out a post-optimal analysis 
~. other reasons 
9. Which ~eaturesdo you like most about LINPROG'? 
10. Which eeatures do you like least about LINPROG'? 
SGH .. i 
11. Do you think some computer-based work should be included as p a rt 
of your overall assessment? 
1 2. In the mathematics micro-laboratory, do you preeer 
supervised sessions 
workin~ on assi~nments 
in your own time 
both equally 
13. In the mathematics micro-laboratory, do you prefer to work 
on your own 
in pairs 
.-
in a small ~roup 
. 
1 4 . Can you su~~est any other topics for wh ic h a simil a r pac k a~e would 
be beneficial '? 
•••••••••• t ••• , ••• 
Thank yoU very much for your help in fillin~ in thig Questionnaire. 
Steff Qu •• tionnair. 
1. For which of the following purposes did y ou c hoos~ to use 
LINF'ROG .., 
(a) to re-inforce / enh a nce understanding 0+ t he Si l11pl e ,~ 
ITJ!?the,d 
O: b) to sol v e realistic L. F'. problems 
( c) 1::0 s ol ve 1 nte(3er- programming proorems 
(d) as a means of car-rying Ololt post--o pt 1 mal =--na l 'l S ls 
It? ) to set stloldent assignments 
0: f) any other <please ,=,peclfy ) 
2. Far e ach of the categories ab oye~ indi c a te h o w 5uc~ess ~ ~ 1 
) QU ra te the e x perience 
f=--irl y successfu l n o t 5ucce~5ful 
( c) 
<F ) 
3 . How would you rate LINPROG for each o f the foll o wi n g fe ~ tur e s ? 
1 very hi ghly 2,highly 3 okay 4 poor S ver y poer 
reliability 
flex ibility / options of fer" ed 
ease of lolse 
lolsef loll ness of screen Ol.ltPl.lt 
t. How often did you use LINF'ROG f o r 
a) Sl.lper 'l :i sed sessions 
b) s tl.ldent assignmen t 
c) ,= I a-ssroom demonstration 
5. Which features do you like most about LINPROG ~ 
6. Which features do you like least about LIN~~O' ? 
7. Can you suggest any improvements? 
8 . Wh at was the students redction to using LI NPROG ~ 
9. What kin d of support material did y ou use with LINPROG eg 
handouts~ worksheets etc? (A copy of any tutorials or wor ks heet s 
would be much appreciated. , 
10 . Can you suggest any other topics for which a si mil ar p ac~age wo u l d 
be beneficial ? 
APPENDIX 7 
Summary of student interviews, 1986 
student A (male) I AC1 
Chemistry is his favourite subject but mathematics is mostly interestinq 
and he expects it to prove useful. He enjoys the use of computers in 
mathematics very much because it involves 'learninq by doinq' and allows 
more work to be done because calculations are so fast. Durinq lectures, 
which he finds lonq and borinq, he is too busy takinq notes to learn much. 
He enjoyed doinq the computer-based assiqnment and would welcome more 
investiqative work of that nature. 
student B (female), ACl 
Her favourite subjects are computinq and mathematics, which she finds both 
interestinq and enjoyable. She thinks that the use of computer packaqes 
has helped her to understand some aspects of mathematics better. Graphical 
output is particularly helpful. All the packaqes used this year were 
helpful but she would have liked to spend more time usinq them and to do 
more investiqative work. She thinks that computer packaqes should have 
been used in mathematics in 6th year at school. 
student C (male), ACl 
He is not interested in mathematics and does not enjoy it at all, but 
believes that it miqht be of use to him some day. He enjoys the use of 
computers and thinks that some packaqes can help in learninq mathematics, 
for example, by drawinq qraphs or for numerical inteqration. He did not 
pay attention durinq laboratory sessions and found the assiqnment 
difficult. Nevertheless he thinks that more use should be made of 
computers both durinq tutorial time and for settinq assiqnments to be done 
in their own time. 
student 0 (male), CEE4 
He enjoys mathematics, more so now because of the practical applications. 
It is useful, relevant and interesting. computer packages are good for 
checking results. Their use can also aid understanding by allowing more 
examples to be solved and by illustrating results graphically (e.g. 
Fourier analysis). He found LINPROG especially useful when learning the 
simplex method and would like more investigative work. He enjoys writing 
his own programs too. 
student E (male), CEE4 
He does not find mathematics interesting or enjoyable but thinks it would 
be if it were more practical. More help is needed to get started when 
using computers or packages. He needed frequent assistance during 
laboratory sessions, as he does in normal tutorials also. Using LINPROG 
to reinforce the Simplex method for linear programming problems was "far 
superior to the lecture". He returned to the laboratory on his own 
several times to use the package. It helped with the branch and bound 
method for integer programming problms also. An introductory course on 
the facilities in the laboratory would be useful, as would handing out 
worksheets in advance of the session. 
student F (male), CEE4 
His favourite subject is computer engineering but mathematics is quite 
interesting. He derives satisfaction from solving a problem. Computers 
can help in the learning of mathematics because "they allow what if 
questions". In general, he thinks that writing his own program is more 
beneficial than the use of packages but he found both LINPROG and QUEUE 
helpful. He thinks that the worksheets should contain more information 
about the methods Deinq used and the program. They could be given out in 
advance. 
student G (male), SIS4 
Mathematics is his favourite subject at college though he did not enjoy it 
much at school. He finds college mathematics more relevant and 
practical. He enjoys using computers, too, but prefers to write his own 
programs for mathematics. He has written two proqrams during the year, 
one for random numl:>ers and one for a search method. On the whole, he 
sees more value in these exercises than using prepared packages, with the 
exception of KUTTA and LINPROG. In particular, LINPROG helped him to 
understand the branch and bound method for integer progamming problems. 
"It was not clear from the lecture and notes". 
student H (female), SIS4 
This stUdent is older than average. Mathematics is her favourite subject 
and always has been. She considers it to be a practical subject but 
derives her satisfaction from getting results. She has no confidence in 
the use of computers. Her initial experience of computing in first year 
was discouraginq and she has never recovered. She was one of only four 
in the class who had no previous computing experience, and the lecturer's 
attitude was that he was not going to hold up the rest of the class for 
them. She was not offered any additional or remedial help. She does 
not see how computers can help towards learning mathematics but cannot 
dissociate use of computer packages from programming. She finds micros 
less intimidating than the mainframe, and is happier working on her own or 
with a friend with no lecturer present so that nobody sees her "silly 
mistakes", She is scared of experimenting. 
student J (male), S1S4 
He likes mathematics more now than two years ago because it seems more 
directly relevant - for example, when modelling real-life situations. The 
use of computers in mathematics helps a lot towards this. He feels 
confident about using a computer package to solve a problem. Solving 
'hard' problems in the laboratory helps him to solve 'easier' ones by hand 
later. L1NPROG helped particularly when using the branch and bound 
method to solve integer programming problems. He did not really 
understand the method from the lecture but did after using LINPROG and 
constructing a tree diagram. 
understanding - for example, 
Writing one's own programs also aids 
the algorithm for a search method. He 
considers all his work in the mathematical sciences laboratories to have 
been helpful, including the use M1NITAB the previous year, and a positive 
contribution towards the course. He has twice used the laboratory in his 
own time. 
subjects-. 
He cannot remember computers having been used much in other 
student K (female), S1S4 
Chemistry is this student's favourite subject but she enjoys mathematics 
too. She thinks that computers are useful for getting answers quickly 
but do not help you to learn mathematics as they do not show how they 
arri ve at the answer. "I must know what is happening". Computers can 
be useful for drawing graphs and 3-D surfaces. She does not consider 
mathematics to be very useful. 
APPENDIX 8 
Results of questionnaires 500 (1986, 1987), SOl, 503, 504 
Results of initial questionnaire SOO, 1986, 1987 
1986 1987 
AC1 SIS4 CEE4 SIS4 CEE4 
Mathematical ability: qood 1 4 3 7 10 
averaqe 16 10 10 12 13 
poor 2 0 2 1 0 
Enjoyment of mathematics: very much 4 7 4 2 7 
OK 12 7 11 17 14 
not at all 3 0 0 1 2 
Mathematics course: very useful 9 8 8 4 16 
fairly useful 9 6 7 14 7 
irrelevant 0 0 0 2 0 
don't know 1 0 0 0 0 
Previous use of computers: 
at college: regularly 1 12 5 13 5 
occasionally 7 2 10 7 18 
not at all 11 0 0 0 0 
at school: regularly 1 2 3 0 3 
occasionally 7 2 5 6 9 
not at all 11 10 7 14 11 
elsewhere: regularly 2 1 5 2 3 
occasionally 5 4 6 6 11 
not at all 12 9 4 12 9 
written programs? yes 6 14 12 16 19 
no 13 0 3 4 4 
Use of computers as aid very useful 11 4 4 4 5 
to learning maths: fairly useful 7 8 6 12 10 
not useful 0 2 5 3 4 
don't know 1 0 0 1 4 
Enjoyment of use of very much 5 5 3 3 4 
computers: OK 1 5 9 9 12 
not at all 2 4 3 8 5 
don't know 11 0 0 0 2 
Number of replies 19 14 15 20 23 
Results of questionnaire SQ1, 1986 
ACl 5154 CEE4 
Enjoyment of mathematics: favourite subject 0 5 0 
least favourite subject 6 0 1 
neither 1 3 12 
Enjoyment of computers very much 2 3 1 
in mathematics: OK 4 4 12 
not at all 1 1 0 
Amount of use of too much 1 0 0 
computer packages: about right 3 8 13 
not enough 3 0 0 
Should some computer- yes 5 5 5 
based work be assessed? no 2 3 8 
Preferred mode of supervised sessions 2 4 7 
working: working in own time 2 3 3 
no preference 3 1 3 
Preferred mode of on own 4 3 8 
working: in pairs 2 5 4 
in small group 1 0 1 
Mathematics course: very useful 1 3 7 
fairly useful 3 5 6 
not at all useful 3 0 0 
Own a micro: yes 0 3 7 
no 7 5 6 
Packages used: GR 7 GR 5 L 13 
[ GR a GRAPH GA - GAUSS 1 N 4 N 3 K 1 N - NEWTON K - KUTTA L 2 L 7 GA 1 
L - LINPROG 5 - SURF K 4 
S 2 
Number of replies: 7 8 13 
Male 4 5 13 
Female 3 3 0 
Results of questionnaire SQ3, 1987 
SIS4 CEE4 
Enjoyment of mathematics: very much 1 6 
OK 15 17 
not at all 0 0 
Enjoyment of computers very much 4 7 
in mathematics: OK 9 16 
not at all 3 0 
Amount of use of too much 3 3 
computer packages: about right 12 18 
not enough 1 2 
Should some computer- yes 5 15 
based work be assessed? no 10 8 
don't know 1 0 
Preferred mode of supervised sessions 10 14 
working: working in own time 3 6 
no preference 3 3 
Preferred mode of on own 6 1 
working: in pairs 8 19 
in small group 2 3 
Mathematics course: very useful 4 13 
fairly useful 11 9 
not at all useful 1 1 
own a micro: yes 4 1 
no 12 22 
Packaqas usad'[ G 4 G 23 
G • GRAPH M • MICROTAB 
1 
L 16 L 23 
L • LINPROG S • SURF Q 15 Q 18 
Q • QUEUE L2 • LPROG20 E14 L2 8 
E • EIGEN M 5 
S 6 
Number of replies: 16 23 
Male 10 21 
Female 6 2 
Results of questionnaire SQ4, 1988 
S1S4 CEE4 
Enjoyment of mathematics: very much 4 2 4 
1 3 8 12 2 0 1 
not at all 1 1 0 
Enjoyment of computers very much 4 1 3 
in mathematics: 1 3 5 9 2 5 5 
not at all 1 0 0 
Should some computer- yes 6 8 
based work be assessed? no 5 9 
Use of packages as an very useful 4 1 5 
aid to learning 1 3 6 8 mathematics 2 4 4 
not at all useful 1 0 0 
Packages used: [ G 5 G13 
G := GRAPH S := SURF 
1 
L11 L 17 
L := L1NPROG Q • QUEUE N 9 N 15 
N = NEWTON L2 = LPROG2D E 8 Q 7 
E := EIGEN S 11 L2 8 
Number of replies: 11 17 
Male 5 17 
Female 6 0 
APPENDIX 9 
Results of questionnaires SQO (1987), SQ2, SQN2 
Results of questionnaire SQO, 1987 
CEEl t CEE2 t 
Mathematical ability: good 9 15 10 18 
average 47 77 37 67 
poor 5 8 8 15 
Enjoyment of mathematics: very much 3 5 7 13 
OK 48 79 44 80 
not at all 10 16 4 7 
Mathematics course: very useful 38 62 26 47 
fairly useful 23 38 28 51 
irrelevant 0 0 1 2 
Previous use of computers: 
at college: regularly 47 77 25 45 
occasionally 11 18 29 53 
not at all 3 5 1 2 
at school: regularly 13 21 7 13 
occasionally 21 35 20 36 
not at all 27 44 28 51 
elsewhere: regularly 17 28 6 11 
occasionally 23 38 24 44 
not at all 21 34 25 45 
written programs? yes 55 90 54 98 
no 6 10 1 2 
Use of computers as aid very useful 20 33 9 16 
to learning maths: fairly useful 27 44 30 55 
not useful 8 13 12 22 
don't know 6 10 4 7 
Enjoyment of use of very much 19 31 10 18 
computers: OK 32 52 33 60 
not at all 4 7 11 20 
don't know 6 10 1 2 
NUlIIber of replies 61 55 
Results of NODES questionnaire SQ2, 1987 
(All results are given as percentages) 
CEE1 
Enjoyment of mathematics: very much 2 
OK 88 
not at all 10 
Enjoyment of computers very much 6 
in mathematics: OK 67 
not at all 27 
Previous use of frequently 0 
computer packages occasionally 35 
for mathematics: not at all 65 
No. of sessions 1 4 
using NODES: 2-5 71 
>5 25 
Enjoyment of very much 0 
using NODES: OK 75 
not at all 25 
Is numerical solution of yes 63 
d.e.s a useful topic? no 25 
don't know 12 
Should some computer- yes 65 
based work be assessed? no 29 
don't know 6 
Preferred mode of supervised sessions 12 
working: working in own time 45 
both equally 43 
Preferred mode of on your own 39 
working: in pairs 43 
in a small group 18 
Number of replies: 51 
Male 51 
Female 0 
CEE2 combined 
17 8.5 
76 83 
7 8.5 
17 11 
71 69 
12 20 
5 2 
9 24 
86 74 
7 5 
62 67 
31 28 
14 6.5 
76 75.5 
10 18 
81 71 
7 17 
12 12 
57 61 
38 33.5 
5 5.5 
21 16 
29 38 
50 46 
43 41 
28.5 36 
28.5 23 
42 93 
41 
1 
Results of NODES questionnaire SQN2, 1988 
(All results are gIven as percentages) 
Enjoyment of mathematics: very much 4 
1 3 2 
not at all 1 
Does use of laboratory very much 4 
contribute towards your 1 3 enjoyment of mathematics? 2 
not at all 1 
Ratings for aspects of laboratory work: interesting 
(4 very highly ~ 1 not at all) 
investigating a model: 4 11 
3 62 
2 27 
1 0 
analysing sensitivity: 4 4 
3 35 
2 50 
1 11 
report writing: 4 2 
3 10 
2 46 
1 42 
No. of sessions using NODES: 1 
2-5 
>5 
Does use of laboratory very much 4 
enhance your understanding 1 3 of any aspect of 2 
mathematics? not at all 1 
Should some computer-based yes 
work be assessed? no 
Number of replies: 
Male 
Female 
CEE2 
4 
60 
32 
4 
0 
26 
58 
16 
enjoyable useful 
4 15 
35 45 
53 38 
8 2 
0 7 
23 38 
68 49 
9 6 
0 6 
4 34 
41 34 
55 26 
6 
44 
50 
11 
50 
35 
4 
78 
22 
50 
50 
0 
APPENDIX 10 
staff interviews, 1989 
A. Donald 
1. Classes involved: 
Class No.of students Description of use of laboratories 
CEE1 45 5 hours mathematics per week 
1 introductory laboratory session 
1 optional session using MUMATH 
(computer algebra) 
1 EA assignment, based on GRAPH 
package, to investigate wave-
forms and introduce Fourier 
series 
EWM1 30 4 hours mathematics per week 
2 supervised sessions 
2 assignments 
(a) investigation of exponential 
functions, using GRAPH 
(b) 2-variable linear programming 
BSc Building 1 30 1 laboratory tutorial on numerical 
integration 
CEE2 encouraged to use FOURIER series 
package and SURF (3-D graphs) 
in own time 
2 . Teaching approach 
He has found it difficult to find time to fit in laboratory 
sessions and would like to do more, as he feels that the use of 
computer packages is often a good approach. The CEE1 assignment 
worked well, being both useful and relevant. He frequently 
relates work in class to packages available in the laboratories 
and encourages the students to go and try them out. Students ask 
more questions both of each other and of lecturers when working in 
the laboratory. He enjoys teaching more as a result of using 
computers. with recent improvements in hardware and software it is 
difficult to see how one could avoid using computers. Other 
resources used are a video and a guest lecturer. 
3. Impact on the mathematics curriculum 
The use of computer packages has resulted in a change of emphasis 
in some areas. He uses computers to reinforce ideas and to 
explore them further, for example, wi th numerical integration. 
More use is made of graphical output and more time spent on 
experimental and investigative work. However, there is at 
present insufficient time to fit in laboratory time on a regular 
basis and syllabi should be redesigned to accommodate this. 
4. Assessment 
Computer-based assignments have been used as part of overall 
assessment for 3 years. style of examination questions has not 
altered. 
5. Future developments 
Software and hardware will continue to improve and be more readily 
available. syllabi must be changed to include regular 
time-tabled laboratory work. Computers should be available for 
use at any time during lectures. 
B. John 
1. Classes involved 
Class No.of students Description of use of laboratories 
SIS3 15 2 hours mathematics per week 
Approximately 6 laboratory tutorials 
for numerical analysis and 
modelling. 
Laboratory lectures using MATH CAD 
5I55 10 2 hours mathematics per week 
Approximately 8 ad hoc laboratory 
tutorials at intervals through-
out the year 
BSc App. 12 4 hours mathematics per week plus 2 
Physics 1 hours for special entry students 
Weekly laboratory session for 
special entry students (but 
standard entry came toO!) 
Laboratory tutorials for graphical 
work, trigonometry and matrices 
MET2 12 4 hours mathematics per week 
Used weekly: laboratory tutorials 
using NODES for numerical 
analysis: stand-alone course 
using MUMATH + assignment 
2. Teaching approach 
Use of laboratory is integrated into lecture material - i.e. use 
packages when that part of syllabus is reached. Packages are 
used to investigate both methods and models, to enhance 
understanding and to eliminate tedious arithmetic. He relies 
heavily on graphical output. Computers are used to do things that 
cannot easily be done by hand, for example, graph sketching, 
numerical analysis, modelling. He encourages the students to 
work in pairs because they learn more that way. 
The mathematics students (SIS, MET) are good at techniques 
and manipulation, but have trouble with concepts. For example, 
the idea of steady state is difficult to get across analytically, 
but is obvious when seen graphically on a computer. 
He uses questions during laboratory sessions to probe 
understanding. The questions asked are more demanding 
conceptually. He often leaves the student to think about it and 
comes back later. Laboratory sessions mean continual work for 
the supervising lecturer, usually with one pair of students at a 
time. students are more responsive. It is not a suitable 
environment for whole class discussion. Weaker students 
sometimes do better in the laboratory - the differences are not so 
noticeable. The potential is there to provide greater challenge 
for the more able students, but he hasn't achieved this yet. Use 
of computers makes learning more self-paced and passes more 
responsibility to the students. The students want to get stuck 
into it by themselves. 
He feels that with several classes he has 'broken the barrier'. 
Students are 'quite familiar with the lab and happy to use it'. 
Physics students use the GRAPH package for physics work during 
their own time. other students use packages by themselves and go 
and view videos a second time in the Open Learning unit. 
His use of the laboratories has gradually increased from one 
ten-minute classroom demonstration a few years ago to occasional 
laboratories and now, for most classes, to a regular laboratory 
session replacing a conventional tutorial as an integrated part of 
the teaching. 
The use of computers has increased his enjoyment of teaching 
greatly. Certain topics, such as the phase solutions of 
differential equations, have become alive for him, too, through 
the new approach. 
In the classroom his teaching style is changing to a 
lecture/tutorial mix usinq interactive handouts. For the se , he 
uses overhead projector slides. The students get a copy of the 
notes with some details missing which they fill in as the lecture 
proceeds. The handout also contains examples for the students 
to do. He stops frequently to allow them to complete these. 
3. Impact on the mathematics curriculum 
There has been a considerable impact on the curriculum. In 
numerical analysis, for example, he no longer teaches 4th-order 
Runge-Kutta methods by hand but does now include the stability of 
numerical methods, using NODES to investigate the solution as the 
step length varies. He has introduced more discrete mathematics, 
such as non-linear difference equations (leading to chaos). Leslie 
matrices have been reintroduced in 5155 because the difficult 
mathematics can be done by computer. He uses computer algebra 
packages to do mathematics that they could not otherwise do, thus 
showing the power of such packages. 
In general, syllabi are changing to include topics which lend 
themsel ves to computers. Techniques are played down and more 
time is spent on applications and investigating models involving 
the use of differential equations. Some topics have been 
dropped, for example, stochastic processes. Differential 
equations now form almost two-thirds of the 5155 course whereas, 
formerly, they occupied one-third. 
4. Assessment 
Most laboraotry tutorials are assessed as part of coursework. He 
feels that students are already overburdened with coursework and 
report writing so these are usually completed in class time. Some 
are extended assignments but, again, mostly done in class time. 
Assignments may include both analytical and numerical work. The 
exception is SIS5 which has no assessed coursework yet, though 
some is planned for the session beginning Autumn, 1990. 
He has used computer-generated exercises to replace class tests 
(for statistics and differential equations). Numerical methods 
are assessed mainly by coursework. Examination questions on 
numerical methods are concerned with the behaviour of methods, 
conceptual questions based on work done in the laboratories. He 
uses printer output from both MINITAB, MUMATH and MATHCAD in 
examination questions, particularly for 5155. 
He feels that laboratory sessions where the students work through 
and fill in a worksheet which is then assessed for coursework have 
been the most successful. They provide good feedback on the 
stUdent I s grasp of concepts and mathematics involved due to the 
nature of the questions asked. set assignments don't reveal a 
student's understanding of mathematics so well. 
5. Student attitudes 
As a result of using computers to aid their learning, he believes 
his stUdents enjoy their mathematics course more, are more 
interested and attentive, more motivated and more mathematically 
confident. Their ability to communicate improves dramatically. 
Some students show more desire to experiment NODES is 
particularly good for this. The mathematics students tend to ask 
more questions and discuss more with each other, though at first 
the questions are concerned with the operation of the computer and 
package. 
6. Future developments 
There will be better computer algebra and scratchpad type 
packages, such as DERIVE and MATH CAD , which could be used to help 
stUdents understand mathematical teChniques. Calculus syllabi 
must change, particularly for engineers who will use packages 
extensively. 
The laboratory environment could be improved by arranging small 
groups of desks and computers in U-shapes. This would allow a 
more relaxed atmosphere and encourage co-operation within a qroup 
but insulation from other qroups. 
C. Tom 
1. Classes involved 
Class No.of students Description of use of laboratories 
CEE2 45 1 laboratory session using NODES 
1 EA assignment using NODES 
CEE3 24 3 hours mathematics per week 
Laboratory lectures, about 50% of 
time using a computer-illustrated 
text for statistics and 50% using 
NODES for numerical analysis 
CEE4 (Hons) 26 2 hours mathematics per week 
6 laboratory lectures and tutorials 
for linear programming 
2-3 laboratory tutorials for non-
linear programming methods 
SIS4 13 3 hours mathematics per week 
Laboratory tutorials, usually one 
hour per week, for linear 
algebra, integer programming 
and non-linear programming. 
Uses EIGEN, SURF, GAUSS and LINPROG 
2. Teaching approach 
Several classes are time-tabled in the laboratory so that the use 
of computers can be fully integrated into the course, to be used 
whenever suitable. In practice they are used for about 50% of 
the class time. Packages are used for graphic illustration, to 
eliminate tedious arithmetic, enhance understanding, increase 
motivation, to check results (of algorithms) and for investigative 
work. For example, by usinq a 3-D graphical package to draw a 
surface, students can see the minimum point or saddle point 
previously located using calculus. This boosts their confidence. 
The use of computers allows students to solve problems which would 
take far too long to do otherwise, such as integer programming 
problems using the branch and bound method. This is a 
particularly successful use of computers which combines the use of 
a packaqe (LINPROG) with pen and paper work (to construct a tree 
diagram). The investiqation of many mathematical models would 
not be possible without computers. NODES has been used very 
effectively to investiqate the behaviour of qiven models. 
He encourages students to work in pairs at the computer. Often 
one is happy to use the machine whilst the other acts as scribe. 
Other resources used include the overhead projector, videos on 
mathematical modellinq and a self-paced learninq text to replace 
conventional notes. 
Some of his classes have tutorial time shared with another 
lecturer. As he is not so free to use this time as he would 
wish, computer use with these classes replaces lecture time. Other 
classes are time-tabled wholly in the laboratory and there is no 
distinction between lectures, tutorials and computer use. Often a 
class is a mixture of these. The students spend more time 
workinq by themselves: there is less formal lecturing. He spends 
less time than previously teachinq techniques, for which they now 
use the computer, and uses the saved time to extend some topics, 
for example, linear programming. He asks students more questions 
in the laboratory and students are more responsive. They spend 
more time doinq interesting things. Investigations are presented 
in an open-ended way to encourage students to take them as far as 
they like. 
He enjoys teaching more as a result of using computers. There is 
less drudgery, and it is more interestinq. Sometimes, when 
lecturinq, he wishes a computer were available to demonstrate 
somethinq. When in the laboratory, he spends more time talking 
to students on an individual basis, which promotes a closer 
relationship. 
3. Impact on the mathematics curriculum 
The syllabus has not changed. The same topics are taught but the 
emphasis within many topics has changed. In many cases, time 
saved on computation is used to extend the topic. For example, 
in linear proqramming, whereas students used to spend a lot of 
time solving examples by hand, they now solve more problems on the 
computer and more time is available for post-optimal analysis. In 
the past, numerical analysis consisted solely of learning 
techniques. Now there is no need to do lots of examples by hand 
using methods such as 4th-order Runge-Kutta. The students spend 
more time on error analysis which is much more easily understood 
using qraphical output from NODES. More time is spent doing 
experimental and investigative work. The teaching of probability 
and statistics has also changed. 
4. Assessment 
30% of overall assessment for CEE classes is now covered by 
laboratory assignments (Engineering Applications assignment). 
starting next session (1989-90), CEE3 will do a formal laboratory 
assessment under examination conditions. 
In examinations, he no longer asks arithmetic-type questions in 
topics for which computer packages have been used. For example, 
students would not be asked to solve a linear programming problem 
by the Simplex method. They might be given a solution and be 
asked to interpret it or analyse it further. 5154 still get a 
data sheet for the branch and bound method to tackle integer 
programming problems. 
5. Student attitudes 
A few students do not like using computers but the majority enjoy 
it and are happy to be doing less tedious computation. Most have a 
natural instinct to experiment. Their problem solving skills and 
investigati ve skills improve, probably because they spend more 
time talking about the problem and its solution. They do not 
have to wade through a series of manipulative and computational 
steps, and thus spend more time thinking about the problem. If 
their formulation is wrong, it doesn't take too long to 
reformulate and get a new solution. 
There is more discussion amongst stUdents and the questions they 
ask the lecturer tend to be more complex, often concerning the 
meaning of a result rather than the techniques used to obtain it. 
6. Future developments 
There will be more and better software, probably on PC-compatible 
computers. Some topics must be pruned from the syllabus. More 
discrete mathematics is required for engineers and less 
traditional calculus. 
There will be a move towards student-centred learning. Chalk and 
talk for an hour is seldom effective, but students still need 
formal contact time. Groups of students could work on given 
materials with staff present to help when requested - not unlike a 
primary school atmosphere. 
D. Robin 
1. Classes involved 
Class No.of students Description of use of laboratories 
MET 1 15 2~ hours mathematics per week (avge) 
Use mainframe for MINITAB tutorials 
for 50% of tutorial time. 
Demonstration to whole class 
then set assignments 
MET2 20 3 hours mathematics per week 
Use mainframe for MINITAB for 
regression and student t-tests, 
about 6 hours in total 
MET3 20 stochastic processes 
MSc water 10 MINITAB: analysis of real data sets, 
Management 6 hours 
SIS Hons. 2 hours, mathematical modelling 
Biology with sets of simUltaneous non-
linear differential equations 
2 • Teaching approach 
Most of his teaching is statistics and he uses MINITAB with most 
classes. He explains concepts in class, hands out exercises 
during a tutorial session, then follows this up with a laboratory 
session. The use of packages saves much routine calculation and 
reinforces concepts more effectively than chalk and talk. Packages 
are also useful for illustrating some ideas such as confidence 
intervals, and to give students experience of setting up and 
analysing real data sets. Tutorial sessions are split about 
50: 50 between classroom and laboratory. The latter are less 
formal. The students normally work singly but interact a lot. He 
always has asked a lot of questions, but probably even more so in 
the laboratory. 
He feels that a few years ago he tended to use computers too much 
and too soon, but has achieved a better balance now. 
3. Impact on mathematics curriculum 
Some statistical topics which used to be taught very theoretically 
can now be approached in a practical way using real data sets, for 
example, Box-Jenkins ARIMA models, and confidence intervals. 
Students use real data sets for project work. For an SIS Honours 
Biology project the student fitted a model using real data 
obtained from laboratory experiments. 
4. Assessment 
More extensive projects are undertaken as a result of using 
packages. These may invol ve using several packages and 
generating numerical solutions. 
For computer-based assignments he generates individual data sets. 
This reduces 'coursework by committee'. students can discuss the 
work with each other, but not copy results. 
5. Future developments 
MINITAB is not necessarily the best package for teaching 
statistics. 
will be 
There is a need to investigate other ones. 
more emphasis on experimental data analysis 
non-parametric statistics. 
There 
and 
It would be nice to have a good classroom layout for lectures with 
terminals on hand but unobtrusive. Coursework needs updated. He 
would like notes, exercises and sample output incorporated into 
single booklets, appropriate to the different classes taught. 
E. Sandra 
1. Classes involved 
Class No.of students Description of use of laboratories 
SIS2 30 3 hours mathematics per week 
Laboratory tutorials using MINITAB 
SIS3 10 2 hours mathematics per week 
Laboratory lectures using LINPROG 
set assignments using LINPROG and 
MINITAB. 10 hours total 
BSc Biology 50 2 hours mathematics per week 
Laboratory tutorials, using MINITAB, 
integrated into curriculum: 
30 hours continuously assessed 
BSc Life 50 Laboratory tutorials using MINITAB, 
Sciences one per week 
Quantity 50 Laboratory tutorials using MINITAB, 
surveyors two hours per week 
2. Teaching approach 
Computer packages are used to eliminate tedious arithmetic and 
thus allow the students to understand more and 'do' more. They use 
data in context ( 'real' data) and spend more time on 
interpretation. Familiarisation with packages can also be 
important for their future careers. She encourages students to 
co-operate but prefers them to work at their own terminal where 
possible. other resources used include overhead projector slides 
(with overlaps) and MINITAB workbooks which she has written. These 
booklets are also used by other members of staff. 
Lectures are less formal than they used to be. She uses the 
MINITAB workbooks and hopes that the students will have previously 
looked at the notes. The use of computers is integrated into 
the curriculum. In the laboratory, she asks students more 
questions, which tend to be more demanding and take longer to 
respond to. There is more support for weaker students as the 
lecturer can keep prodding the student to interpret the results. 
This is particularly true in BSc Bioloqy which has continuous 
assessment. The minority who have a mental block against computers 
do not necessarily benefit. There is more challenge for more 
able students, as they can experiment more and discover more 
possibilities than with pencil and paper. 
Computer-based learning is more student-centred. During 
laboratory sessions, students work through MINITAB booklets at 
their own pace and the computer package offers them more freedom 
to explore a topic in different ways, to choose from a variety of 
outputs or to seek additional help when necessary. She uses 
computers with most classes and feels hampered when not able to do 
so. Teaching with the aid of computers is more interesting and 
enjoyable: it generates interesting discussions with students on 
points which would not have come up otherwise. The use of 
packages has benefitted her own understanding of the practical 
side of handling data. 
study. 
This cannot be gained from theoretical 
3. Impact on mathematics curriculum 
The use of computer packages has led her to a completely new 
approach to teaching statistics, i • e . starting from data rather 
than starting from theory. The balance of importance between 
topics has changed. 
hypothesis testing. 
There is more emphasis on regression and 
Students used to spend time working out 
means, standard deviations and frequency tables. Now the 
emphasis is more on understanding. Within topics the balance has 
shifted from calculation to interpretation. 
There is more experimental and investigative work most 
statistics comes into this category. Hopefully, students get a 
better understanding by doing investigations. 
Project work often involves collecting data from the student's own 
discipline (for example, bioloqy, chemistry, business studies) and 
using statistical packages to analyse it. 
4. Assessment 
Two courses have continuous assessment which is mainly 
computer-based. In other courses, the coursework component is 
usually computer-based, for example, SIS3 has one assignment using 
LINPROG and one using MINITAB. 
The types of question asked in examinations have changed. She 
would no longer ask a student to calculate a mean and standard 
deviation or carry out at-test. The question would either 
include all or part of the answer, or computer print-out is given 
and the student is required to pick out the solution and interpret 
it. For example, several tableaux of linear programming using 
the Simplex method might be given. 
5, Student attitudes 
Some enjoy their mathematics course more as a result of using 
computers, some less. students tend to ask more questions, some 
of which are very basic ('How do you log in?'), and some which are 
more to the point - they are not sidetracked by the ari thInetic, 
They are more likely to work co-operatively and discuss work 
amongst themselves. 
6. Future developments 
New, better packages will become available on PC-compatible 
computers. The use of packages will be written into statistics 
curricUla. 
Classes are moving away from traditional lecturing and assessment 
methods towards a more student-centred approach. 
APPENDIX 11 
student interviews, 1988 
summary of student interviews with CEE2, March 1988 
student A 
This student enjoys mathematics and finds it interesting. The 
computer assignment was reasonably straightforward. It was very 
interesting to obtain a visual representation of the solution of a model 
and to observe the effect on the solution of changing the parameters of 
the model. He did not · consider the subject matter relevant to the 
course since they had not spent much time on differential equations during 
the session and had not previously learnt about phase-plane trajectories. 
He did not appreciate that there was any wider benefit to be gained other 
than learning about the Van der Pol oscillator. However, he did feel 
that observed effects such as transient solutions, limit cycles and 
damping had a wider relevance. 
The student's previous experience of using NODES the previous year 
enabled him to get started on the project quickly I but he spent a long 
time on it and produced a great many hard-copy graphs, many of which 
showed only small changes in the solution. When he came to write his 
report he could only use some of the graphs and found he ran out of things 
to say about slightly different solutions. He does not "really know what 
they're looking for in a write-up", i.e. a description of what happened in 
the package or a write-up based on knowledge gleaned from books. 
Nevertheless, he reckons he has developed a good style of report writing. 
He usually works alone in the laboratory but collaborated with a 
friend to produce graphs more quickly as that process is time-consuming 
and tedious. He found that varying one parameter at a time and 
superimposing many graphs aided his understanding of the model. The 
slowness of the package when calculating results was frustrating. 
student 8 
Student 8 doesn't like computers! He feels disadvantaged 
compared to some of his fellow students since he had no experience at 
school and did not enjoy or cope well with the PASCAL programming course 
in first year. He does not consider computing studies to be as important 
as 'examinable' subjects, therefore does not devote much time to them. 
He cannot see any benefit in using computer packages in the mathematics 
laboratory. The assignment was neither interesting nor relevant to the 
course. Nothing similar was done in class. The first year differential 
equations project was a bit more relevant. 
This student does not feel he has gained anything from the use of 
computers this year but thinks he will do so in later years of his course. 
He works on his own in the laboratories and elsewhere as he prefers to 
stick to his own ideas. He spent the minimum amount of time in the 
mathematics laboratory doing his assignment but quite a long time doing 
background reading and the writing-up. "All I want out of it is a good 
mark". He thinks that the majority of his class would agree that they 
just want a good mark and are not really interested in the assignment. It 
would have to play a much greater role in the overall assessment before he 
took any more interest in it, for example, if there had been a question on 
Van der Pol oscillators in the final examination. 
student C 
This student considers his course to be a good one and enjoyed 
this year's mathematics laboratory assignment. He found it particularly 
interesting to investigate the effect on the model solution of varying 
single coefficients in a differential equation. He considers NODES to be 
"a good visual aid to understanding differential equations" and that its 
use has enhanced his general background understanding of differential 
equations and what they represent. He also appreciates that differential 
equations play an important role in electrical work. 
He finds the report-writinq staqe of an assiqnment important as it 
forces him to draw conclusions from his laboratory work (i.e. pile of 
graphs), and thus builds up a complete picture of the model. He believes 
that the standard of his report-writinq has improved since last year. This 
is due both to practice and greater knowledge enabling him to describe the 
behaviour of the model in more technical terms and to relate computer 
results back to the physical model. 
Investigati ve assignments are designed to "build up an overall 
picture of what is going on in a field rather than just the theory that is 
thrown at you for exams", and thus he would not expect the model chosen 
for investigation necessarily to have been covered in classwork. There 
is "no point in knowing all the theory and how to solve all the equations 
if you've never come across practical applications". 
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Total scores for individual statements 
statement 
1 
2 
3 
4 
5 
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12 
13 
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15 
16 
17 
18 
Note: * 1 missing data item 
** 5 missing data items 
Total score 
(column total) 
134 
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113 
108 
115 
116* 
86* 
126 
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123 
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121 
113** 
74** 
120** 
95** 
101** 
M'tB > Dca cl-c18 
Ei~enanalvsis of the Correiation Matr : x 
28 cases used 7 cases cont.a i n mIssing va_ues 
Eig-envalue 4.1938 ~.6153 2 . 4441 1.66~6 1.45:34 1.1338 
Proport.lon 0.~3:j 0 . 145 0.136 0.09~ 0 . 08 .... 0."63 
Cumu l atIve 0 . 233 0 . 378 0.514 0.606 0.68'/ 0.150 
cl g-enva .t.;.e 1.0~60 0 . 813~ 0.598.1 0 . 48i.1 0 . 413'7 0 . :j48~ 
Proport.ion 0.057 0.045 0.033 0.027 0.023 0.0 ':' 9 
Cumu l at j, ve 0 . 801 0.852 0.885 0.9~ ~ 0 . ~35 0.955 
Eigenva l ue 0.3054 0.2031 0.1545 0.0846 0 . 0556 0.0 ':" 42 
?roport.lon 0 . 0.41 0 . ~.i .... 0.009 0 . 005 ~.00j 0 . 00.i 
Cumulative 0.972 0.983 0 . 99: 0.996 0.999 ~.000 
Variable PC! PC2 ?C3 C->C4 ~Ct) PC6 
C1 0 . 181 0 . 394 -0.029 0 . 021 ~. ':"':' 8 -0.539 
C2 -0.038 -0 . 405 -0.307 -0 . .477 ~ ._ 4(1) -0 . ~23 
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C4 0.348 -0.2~6 0.29 :1. -0 .':":j4 - 0 .':" 08 -0.~01 
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Total scores for individual statements 
Statement Total score 
(column total) 
1 95 
2 96 
3 87 
4 77 
5 92 
6 74* 
7 92 
8 57* 
9 95 
10 105 
11 99 
12 94 
13 95 
14 101 
15 88 
16 71 
17 98 
18 100 
19 82 
20 93 
Note: * 1 missing data item 
NOD£.S : 
MTB ) pea el-e20 
Eigenanalysis of the Correlation Matrix 
23 cases used 2 cases contaln misslng values 
Eigenvalue 6.6892 2.5284 2.3004 2 . 0603 1.2942 0.9339 
Proportion 0.334 0.1.26 0.115 0.:;'03 0.065 0 . 047 
CUmulative 0.334 0.461 0.576 0.679 0.744 0.790 
Eigenvalue 0.8234 0.7209 0 . 6333 0.5458 0.3415 0.3~62 
Proportion 0.041 0.036 0.032 0.027 0.017 0.016 
Cumulati ve 0 . 831 0 . 868 0.899 0.926 0.944 0.960 
Eigenvalue 0 . 2025 0.1842 0.1482 0.1016 0.0790 0.0514 
Proportion 0.010 0.009 0.001 0.005 0 . 004 0.003 
Cumulative 0.910 0.919 0.981 0.992 0.996 0.998 
• Eigenvalue 0 . 0245 0.0112 
Proportion 0.001 0.001 
Cumulative 0.999 1.000 
Variable PCl PC2 PC3 PC4 PC5 PC6 
Cl -0.131 -0.481. -0.070 -0 . ~01 -0 . 03S· -0.~20 
C2 -0.228 -0.180 0 . 291 0.033 -0.110 0.040 
C3 -0 . 251 -0.205 0.111 0.':"28 -0.31.6 -0. :L.8 
C4 -0.111 0.198 0.284 -0.205 -0.354 0 . 412 
CS 0.003 -0.229 0.410 0.214 -0.073 -0.i15 
C6 -0.187 0.164 -0 . 171 0.468 0.267 0.115 
C7 -0.197 -0.353 -0.1.45 -0.204 0.244 0.028 
C8 -0.107 -0.248 -0.166 0.166 -0.303 0 .537 
C9 -0.296 0.il4 -0.101 -0.116 0.110 -0.l07 
CI0 -0.213 0.224 0.059 -0.319 -0 . 1.45 -0.025 
Cl1 -0.151 0.113 0.232 -0.234 0.5:;"3 0.122 
CI2 -0.311 0.055 -0.172 -0.045 -0.197 -0.078 
C13 -0.280 -0.097 -0.327 0.058 0.043 -0.210 
CI4 -0.322 0.012 . -0.016 0.094 0 . 017 0.306 
CIS 
-0.247 0.053 0.316 0.129 0.279 0.136 
CI6 
-0.267 -0.204 0.263 -0.098 0.115 -0.155 
CI7 
-0.322 0.028 -0.026 0 . 113 -0.064 -0.034 
CI8 
-0.244 0.099 -0.304 0.023 0.009 0.071 
C19 
-0.140 0.356 0 . 018 -0.326 -0.258 -0.~83 
C20 0.115 -0.310 -0.081 -0.455 0.134 0.203 
APPENDIX 13 
Results of questionnaire SQLl 
Results of questionnaire SQL1, Dundee, 1988 
Enjoyment of mathematics: very much 4 0 
3 8 
2 3 
not at a1l 1 0 
Enjoyment of computers very much 4 0 
in mathematics: 3 6 
2 5 
not at all 1 0 
Previous use of frequently 2 
computer packages occasionally 9 
for mathematics: not at all 0 
No. of sessions 1 2 
using LINPROG: 2-5 9 
>5 0 
Enjoyment of very much 4 0 
using LINPROG: 3 9 
2 2 
not at all 1 0 
Should some computer- yes 1 
based work be assessed? no 9 
Do you prefer: supervised sessions 6 
working in own time 1 
both equally 3 
Do you prefer working: on your own 1 
in pairs 3 
in a small group 5 
no preference 1 
Number of replies: 11 
Male 5 
Female 6 
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Publications 
M~t~fwuJ,~ reUh,If\S IS" 
b . M~."c , .. 
EXPLORING LINEAR PROGRAMMING WITH A BBC MICRO 
Background 
The Linear Programming Learning package which I shall desribe and 
demonstrate is one of a number which have been developed at Napier College 
as· part of a research project in the field of computer-based mathematical 
education. It is intended for use by students on a variety of degree and 
diploma courses in which linear proqramminq and/or integer programminq is 
studied. 
Early versions of the packaqe were used with students last session 
with encouraqinq results. This latest version will be used more widely 
during this session and an evaluation exercise will be carried out. 
Aims 
It is NOT a self-Iearninq package. The user is assumed to have 
been introduced to linear programminq in his course before usinq the 
packaqe. 
The aims of the package are: 
( i) to enhance stUdent understanding of linear programminq and, 
in particular, the Simplex Method; 
(ii) to facilitate problem solving which involves the use of 
linear programming; 
(iii) to facilitate the solvinq of integer programming problems 
by the branch and bound method; 
(iv) to encourage investigative work. 
In more qeneral terms, computer-based packaqes of this 
be used to increase stUdent interest and generate discussion. 
of the 'What happens if ••• ?' sort are encouraqed because the 
usually be readily demonstrated. 
nature can 
Questions 
result can 
Qesign Philosophy 
1. 
., 
~ . 
3. 
4. 
5. 
The user must feel that he is in charge of the situation and 
choosing which path to follow, or which facilities to use. The 
proqrams are thus menU-driven. 
Input of data should be straiqhtforward - in as familiar a format 
as possible - with an opportunity to correct mistakes. 
There is never too much text on the screen at one time - this is 
discouraginq - but, rather, the different options are described 
briefly and a help facility is included to provide more detail 
when necessary for the inexperienced user. 
There is an explanation of user errors whenever possible. 
The packaqe enables different levels of use. 
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6. To accompany the computer programs we have prepared worksheets for 
the students. The material included in the worksheets ranges 
from straightforward exercises through realistic problems to 
opportunities for investigative work, e.g. a sensitivity 
analysis. 
7. Above all, the package must be ROBUST and RELIABLE. 
Facilities 
(a) 
The package copes with three main classes of problem: 
The restricted class of linear programming problems where one is 
required to 
either Maximise f(~) 
subject to gi(~) , b· 1 
or Minimise f(~) 
subject to fiOO ~ bi 
There are many realistic problems of this nature. For these 
problems the user can follow a tableau by tableau display through 
the Simplex Method. The user is asked to select the pivot 
element, to decide when the solution is optimal and to extract the 
solution from the final tableau. 
Minimisation problems are solved by first forming the dual 
problem. The algorithm used by the program follows that taught 
to our students. 
(b) General linear programming problems where any combination of 
constraints is allowed. 
For these problems, the program uses a BIG-M method but only the 
solution is given to the user. 
( ~) Integer and mixed integer programming problems - the initial 
problem is solved as for a general linear programming problem. 
The user can then add further constraints and solve the new 
problem thus formed or return to the initial set of constraints. 
Thus the branch and bound method can be implemented with ease. 
I shall demonstrate the program with some examples selected from 
t ha worksheets. 
Computer-based Mathematics in Furtner Education 
b. Mac.Ie;. 
1. Back9round 
rh~ m3thematics department at Napier College has been involved in 
innovative work with computers for several years now. The m~in usage 
has gr3dwally shi~ted from maln-frame to microcomputers, firstly PET 
and APPLE m~cros, and, now, BBC micros. 
In September, 1994, our first mathematics laboratory was installed. 
This contained a network of 10 BBC micros linked to a 30 megabyte 
~inchester disk an~ a lineprinter. Later a graph plotter was added. 
This year we have purchased 20 BBC Masters and a second larger 
laboratory wlli soon be in operation. This second laboratory is 
necessary to cope with larger classes and multi-site operation. We 
als~ have several stand-alone micros which are available to staff onlv 
for classroom use and software development. 
The laboratory is used by many different classes, from 1st to 
final year students studying a wide range of diploma and degree 
courses. It is also available to stUdents on an open access baSiS when 
not being used by a class. 
The purpose of the mathematics laboratory 13 not to teach 
students programming but to assist in the learning of mathematics. To 
this end a variety of software is provided, the software being stored 
on the large central disc. This includes many programs developed 
in-hoLlse as well as some commercial packages and programs obtained 
from other academlc institutions. Topics covered include graph 
plotting, various numerical methods, linear programming, queue 
Slmulation and statistics. 
:.Who. how. why ~ 
So much for the set up. Wno uses it and why? 
An y lecturer may choose to use the laboratory with a class or to set 
worK to be completed :n the student'. own time. A class held in the 
mathematics laboratory normally replace. & conventlal tutori.l .ession 
~t ~hich the student has a sheet of problems to work througn. In the 
l ~boratory he is given a workshe.t related to the topic being studied 
~ n d reqUiring the use of a particular program or programs. 
Al~er"atively. the lecturer may take a stand-alone machine into the 
clas~rQom for a jemonstration during a lecture. 
It is not always appropriate to use a computer. Many dIfferent 
teaching aids and media are available to teachers today and the 
computer ~hould only b. u.ed if it has been selected as the b.st 
method far the teaching purpose intended. To just1f y its use, it is 
essential that a computer-based lesson should hAve clearly defined 
objectives. 
The most frequent objective. are 
a) to enhance student understanding of an algorithm or metnod 
b) to solve more realistiC problems 
c) to carry out investigations or e~p.riments 
d) to obtain a graphical solution to a problem 
e ) to carry out simulations. 
Having formulated an objective, the e xtent to which we can achieve 
it depends on two things:-
t. the design of the a vail3ble software 
2. the way in whiC~ we usa it. 
3.Software design considerations 
Consider~first~ the qualities required of software des1Qned for 
laboratory use :-
It must be reliable ~nd easy to use. The user must be confident in 
his or her use of the package in order to concentrate on the 
mathematical aspects of the topic being studied. 
The screen layout is important. It should encourage easy 
assimlla~ion of th~ information it conveys. It must be as concise a9 
possible wh~lst leaving the user in no doubt as to range of options 
open to him at that stage. Colour can be used to enhance the screen 
presentation and highlight particular words or figuras. 
Thera should be good usa of graphics - a pictorial representation of 
a problem or a result can greatly improve a student's understanding of 
that problem or solution. . 
The program must ba flexible, with the ability to vary paramters~ to 
re-run~ and~where appropriate, to offer a choice of outputs. This is 
ess~nt~al ~or Investigat i ve work. 
The program should be interactive - that does not mean the 
' pusn-splc~-bar ' syndrome but genuine interaction with the user WhlCh 
requires him to make declsions. 
Dif ~ erent modes of use of a program should be offerad where possible 
eg step b y step through a method, or , solution only - the former is 
Ijsually an aid to understanding whilst the latter aids investigations. 
All these design features will be illustrated by the program NODES, 
whIch is currentl y under development at Napier ColleQa .nd 
demo~strated here. 
This program solves ordinary differentiAl equ.tions by • choice of 
Runge-I<Lltta methods or a predictor-corrector method. The m.thod and 
step si:e can be varied .nd the program re-run to compare 2 or more 
501 ut ions. Output is grAphical or tabular and, if the Analytic 
sol~tion is known, it, too, c.n b. plotted to b. compared with the 
numerical solution. Control of the prograM is by menu making it very 
easv to change parameters of the original problem and re-run it. 
NOCES greatly facilities problem solving and investigations and can 
enhanc? a student's understanding of the method. u.ed. 
The design of loIorksheets which accompany comput.r programs is Also 
~mportant. Again, th. objectives of each worksh •• t should b. cl.arl y 
~n ou~ht out and the content constructed towards achieving th.m. 
G l v~n aocropriat~ softlolare and loIorksheets, the hand's on labor.tory 
dPpro~ch al lows the students to solve problem., to experiment, to 
dl3~o~~r and to deduce results. On. of the Adv.ntAges of • computer 
o ~ er a teacher is that the stud.nt i. not .mbarr •••• d by his mist.kes 
and 13 therefore more lik.ly to persist in his .ttempts to find a 
solution. The laboratory environment encourages the development of an 
in~estigatlve appro.ch towards mathematics. 
Packages can be used for both classroom demonstrations and laboratory 
sessions with Just slight modification or change of emphasis. 
For a classroom demonstrations~ it is preferable if the package allows 
pre-prepared data from a disc file - for eMample~ a matrix - to be 
used to avoid lengthy input durin~ a lesson. It is important to have 
tried out e~amples beforehand and chos.n suitable input data value. 
e9 • st~rting point for finding a root by Newton-Raphson iteration. 
The package must also allow the teacher to step through the output 
(particularly tables of results) at his own pace so that he may stop 
3nd explain interesting features wh~n he wishes. 
In qeneral, the program designer must use the computer to do what it 
is good at but leave the teacher the freedom to direct it. Teachers 
are superior to machines when it comes to presenting the overall 
pictura. pr~noting discussion and drawing conclusions. The teacher 
should. therefore~ be in sufficient control to make the mathematical 
points he wishes to~ when he wishe., u.ing the function. and 
parameters he considers appropriate. 
4. Evaluation 
Evaluation of the impact of the use of computers in mathematiCs is 
currently being undertaken at Napier College. Results so far indicate 
that most students enjoy using computers in Mathematics. ( 93% of 
sampl~) . The proportion of students who conSIdered that the use of 
computer packages can greatly assist in the learning of mathematics 
(highest rating) increased from 43% to 57% durIng the session. and the 
~roportion who cansldered they were of no use (lowest r.tlng) 
decreased from 14% to 4%. During interVIews WIth indlvldu.l studants, 
the main advantages offered were improving understanding of particular 
algorithms or methods, saving tedious calculatlon5~ the opportunity to 
experiment and obtaining graphic output. It is satisfying to nota that 
these relate closely to the intended Objectlv.s. 
Use cf the laboratory within the department is increasing~ as shown by 
the table below:-
Type of use No. of st~ff 
1984/85 1985 / 86 
fer a formal class meeting 7 t 1 
set assignment to be completed 
in students own time 3 6 
used for 1 or more hours 
per we.k on average 3 
The linear programming package tll was particularly popular WIth 
students as, by removing the tedious arithmetic but not the d.cislons, 
it aided understanding of the methods invol ved. Sta ~ f found that, bv 
using thlS package. their students could tackle post-optlmal an.lysis 
ar.d integer programming problems which were not pravlously posslbla. 
5. c,:m c 1 u IS 1 on 5 
The use of d computer can greatly enhance a students mathematlc.l 
experIence. 
To ona:omise that e ,: perience it is essential to u.e appropriate, 
well-deslgned software. 
I believe that the impact on the students le.rning of mathematics 
will be determined by the quality of the .oft~.r. and the way in ~hich 
\04e U$e it. 
Re~erence 
1. " E:-:plorlng Linear Programming with a BBG micro", F'roceedings of 
"Mathematics reaching 8~" conference~ University of Edinburgh, 
September 198~. 
M~t""'~~ ~ s~st"s C~lAlQ. I~ H"!3~ Ed.\.\C.CL~ fw. tht '''0';1 ,1a, 
])I~ liu";~ 
Computer-b •• ed inve.tic.tion. in m.them.tic. 
Introduction 
The de.irabilit~ o~ includinc inve.tic.tiv. and .xp.rim.ntal work in 
the m.th.matic. curriculum ha. b •• n .cc.pt.d tor .ome tim. now [1]. 
Inve.ticativ. work in croup •••• i.t. the d.v.lopm.nt o~ t.amwork .nd 
coop.ration betwe.n .tud.nt. whil.t al.o .ncour.cinc initiativ. and 
application ot a broad ran •• o~ .kill.. R.c.nt chan... in .chool 
a~llabi and examin.tion. retlect this n.w .pproach •••• tor .xampl •• 
in the n.w Scotti.h .tandard cr.d.. .nd .ppropriat. cour.e mat.ri.l i. 
b.cominc more widel~ av.il.bl. within the .chool •• ctor. 
However the ne.d tor inv •• ti •• tiv. work appli.. .t .11 lev.l. ot 
mathematical education. includinc t.rtiar~ l.v.l. The dem.nds mad. on 
mathematician. and en.ineer. workin. in indu.tr~ are .uch that th.~ 
must be able to appl~ th.ir math.matic. to a wid. ran •• o~ probl.m. in 
the real world. interpr.t the re.ult. o~ th.ir work .nd pr ••• nt th.m 
in a torm th.t i. under.t.nd.bl. to non-math.m.tic.l coll ••• u ••. 
Despite restriction. o~ tim.tabl •• cl •••• 1z. or tim •• it i. important 
to include probl.m aolvin.. experim.nt.l and inv •• tl •• tiv. work in the 
mathematica curriculum ot hich.r .duc.tion cour •••• 
u •• ot comput.r packac •• c.n .r.atl~ .xt.nd the nature .nd .cop. ot 
such work. This pap.r. o~t.r. a cuid. to choo.in •• ottwar •• uit.bl. 
tor stud.nt inv •• tication.. Th. u.e ot one particul.r p.ck •••• the 
aasesament ot the .tud.nt. p.rtorm.nce .nd th.ir r •• ction. to it are 
described. The impact on the mathematic. curriculum 1. al.o 
discuased. 
Which computer packa •• ? 
Th. mo.t imm.diat. advantace ot u.in. comput.r. tor .tudent 
inve.ti.atlon. i. the .normou. incr.... in the rance .nd relev.nce ot 
the problem. that can b. tackl.d. due to the .limin.tion ot tedious 
and ott.n l.ncthv c.lculation.. How.ver. r.peatibilit~. th.t 1. the 
abilit~ to v.r~ the parameter. ot • probl ••• nd ob.erve the ett.ct on 
the .olution wh.n the calculation. are r.p.ated. 1. equall~ important. 
It i. b~ .xp.rim.ntin. th.t the .tud.nt d.v.lop. a t •• l tor the 
properti.. ot the .~.t.m bein •• tudied .nd the phV.ic.l .i.nitlc.nc. 
ot the re.ult. [2]. Each .tudent c.n work .t hi. or her own p.ce .nd 
meet each new .tep ln the lnve.t1c.tion ••• nd wh.n readv. V.t anoth.r 
b.n.tit ari ••• it alt.rnative output. o.n b. obt.ined trom the .... 
problem •• c cr.ph •• t.ble. ot re.ult •••• t.tl.tlc.l ch.rt eto. 
Comput.r-ba •• d matheaatic. pack .... aav b. d •• ian.d with on. or .or. 
ot a numb.r ot .ducational ob~.ctiv.. in mind. Th. mo.t common on •• 
ar. d.mon.tration/ .l.ctronic blackboard U •• , drill and practic., 
comput.r-aid.d in.truction, .imulation, inv •• t1aation. and mod.llina. 
In tact. a li.t ot obj.ctiv.. .hould b. the .tartin. point ot the 
d •• i.n ot anv .ottwar. unit [3]. Not all math.matic. packa •••• 
th.r.tor •• ar •• uitabl. tor .tud.nt inv •• tiaation.. and u.. ot an 
inappropriate on. i. at b •• t tru.tratin. and in.ttici.nt but mav .v.n 
r.sult in 10.. ot motivation and tailur. to compl.t. the 
inve.ti.ation. 
Some ba.ic r.quir.m.nt. tor comput.r proaram. 
inve.ti.at1v. work ar. li.t.d b.low. Th.V mu.t b. 
.uitabl. tor 
1. r.liabl. and .a.v to u •• 
Anv .ducational sottware unit must b. u.er-tr1.ndlv and 
robust to .nable the us.r to aain contid.nce in its us •. 
2. tlexibl. 
Th. abilitv to exp.rim.nt. i.. to moditv the oriainal 
1nput data, initial condit1ons or anv param.t.r 
int.ract1v.lv and re-run the procram 1s ab.olut.l~ 
crucial. 
3. user-controlled 
A m.nu-driv.n proara. can provide a tl.xibl. rout. 
throuah a procram ott.rina a vari.tv ot m.thod •• wh.r. 
applicabl •• and a choic. ot output.. Th. us.r is thus 
ln control ot the .ituation and can choos. which procram 
path to tollow. 
4. able to provide craphical output wh.r.vsr po •• 1bl •. 
The packac. NODES. d.v.lop.d at Napi.r Coll •••• ha. b •• n .p.cit1call~ 
de.1cned to tacilitat. inv •• tl.atlv. work and probl.. .olvinc. Th. 
packac. solves .1ncl. or .vat •• s ot first ord.r dltt.r.ntlal eQuat1on. 
numerlcall~. It .at1sitl.. all the crit.ria m.ntion.d above and. 1n 
particular. 1t. h1.hlV tl.xibl. and int.ractiv. structur. mak •• 1t .asv 
to alt.r probl.m param.t.r. and .xamine the .tt.ct on the .01ut10n 
either craphicallv or num.ricallv. 
Student Investigations 
Mathematics students at Napier College are introduced to computer-
based investigations in the Mathematical Science. Laboratory, a 
networked system ot BBC micro.. A wide range ot sottware is 
available, backed up by caretully constructed worksheets. The 
laboratory is used tor both supervised tutorial sessions and 
unsupervised open access work by students. 
The NODES package has been used by tirst and second year students on 
the Communications and Ilectrical Ingineering (CII) degree course at 
Napier to carry out investigative aSSignments in connection with the 
engineering applications content ot their mathematics course. A 
typical assignment has involved constructing a methematical model ot an 
electrical or mechanical system, using NODES to analyse the behaviour 
ot the model and to investigate the ettect on the solution ot varying 
the parameters ot the model, and, finally, presenting a written report 
ot the results. 
One investigation designed for use with NODES directs the student to 
model the Van der Pol oscillator and analyse its behaviour by 
constructing phase portraits. For this investigation the students are 
given the non-linear Van der Pol equation 
y " + JJ.y ' (yl-1) + y • 0 ..••.•....•.•. (1) 
where JJ. > O. 
Letting Y1 - Y and Yl • y', equation (1) becomes 
Yl' • Yl 
Y1 • JJ.Yl(1-y 1 1 ) - Yl 
This pair of tirst order equations is the input to NODIS. 
For JJ. • 0.7~, figure 1 shows solutions tor 2 sets ot initial conditions 
(i) y(O). 0, y ' (O) • 1 
(11) y(O)· 3, y ' (O) • 3 
Figure 1 
Y.1 
-2 • .18 
Fieure 2 show. the ph ••• -pl.n. tr.~ectory. i. y plott.d .s.in.t ~. 
tor the tir.t ot th •••• olution.. It the ph... plot ot the •• cond 
aolution i. .up.rimpo •• d on the tir.t thev .r. a •• n to t.nd tow.rd. the 
.... li.it cvcle •• .hown in tisur. 3. Ph ••• pl.n. tr.~.ctori ••• r. 
not cover.d in the t •• chins. prior to dOins the .x.rci.. Th. 
atud.nt. 'di.cov.r' th.. in the cour.. ot workins throush the 
•• a1enment .id.d bv • c.r.tully .tructur.d workahe.t. 
2 • .18 
Y.1 
-2.1.8 
3.48 
Y1 
3 
-2.1.8 
Althoueh student. would be tamiliar with 
analytical .olution ot ditterential equation •• 
the. to have .tudi.d numeric.l aolution. ot 
b.tor. uaine NODES. 
tieur. 2 
tieur. 3 
the tormulation and 
it i. not n.c •••• ry tor 
ditter.ntial .quationa 
Stud.nt r.action and a ••••••• nt of p.rformanc. 
A .urv.v ot two cla.... which u •• d the packaa. durina the 1986-81 
•••• ion ha. .hown that. in .pit. of t •• thin. probl ••• with h.rd-copv 
output trom the proaraa, 81_ of the .tud.nt •• n~ov.d u.ina the packaa. 
and 12~ con.id.red the inv •• tiaation. to b. a u •• tul part at th.ir 
cour... Th. tact that, bv u.ina • comput.r. th.v are .bl. to .olv •• nd 
.nalv.. r.ali.tic probl... mak.. the cour •••••• mar. r.l.v.nt. Th • 
• tud.nt. .oon r.ali •• that th.v can l •• rn more tro. .tudvlna the 
araph1cal .olution. ot the ditt.r.nti.l .qu.tion. than tram b.ine 
contront.d with a 10na table ot tleur •• , .ccur.t. to •• v.r.l decimal 
plac.s. 
Analv.1s ot que.tionnair.. compl.t.d bV the .tud.nt. r.v •• led th.t 
thev p.rticul.rlv lik.d the hiah qualitv eraphic.l output, the abl1it~ 
to sup.rimpos. ar.ph. .nd the •••• with which thev could modit~ 
parameter •• nd rep •• t the calculation •• 
The stud.nt. w.r. tr.. to choo •• wh.th.r to work on th.ir own or 1n 
croups in the math.matic.l sci.nce. l.bor.tor~. Th. .urvev tound th.t 
57~ preterred to work in pair. or small croups. 
Some usetul critici.m. emerced. al.o. but the •• were mainlv concerned 
with the restriction. 1n size ot and acce.. to the m.them.tic. 
laborator~. 
Most students spent loncer than intended on the inve.tic.tion. 
probablv a re.ult ot inexperience. The .tandard ot work submitted 
varied. as would be expect.d, but wa •• in c.n.r.l, cood. Those who 
carried out the inve.tic.tion well also t.nded to .core well in the 
tinal examin.tion. With tir.t ~ear student. ,: in particular, the r.port 
writinc wa. weak. More cuidanc. i. obviou.1V ne.d.d a. to the l.nath 
and content ot .uch a report. 
Imp.ct on the curriculum 
A •• re.ult of incorpor.tina the u.e ot comput.r p.ck •••• into the 
student. mathematics curriculum. th.v are aiv.n .cce •• to • wide r.nce 
ot problems th.t .re modelled m.them.t1c.ll~. The~ .re .ble to c.rr~ 
out inve.tic.tion. ot important s~.t.ms which thev Would h.ve been 
un.ble to tackle otherw1se, .ith.r becau.e thev .re too ditticult or 
cannot be .olv.d .nalvticallv. 
Yor in.t.nce, .econd ~ear CBB student. c.rried out • ph.s.-pl.ne 
.nalv.i. ot the V.n-der-Pol o.cilletor. Work .uch •• this i. con.idered 
a. • .tructured introduction to mod.llin.. Without. comput.r pack •• e 
such a. NOD!S, obt.inina even a .1nale phase-pl.ne tr.jector~ 1 •• 
lenathv and complicated ta.k. The idea of then con.tructine a ph •• e 
portr.it and anal~.ina the •• n.1tivitv ot the .olution would ba 
unthinkable. 
Th. int.ractiv. nature ot the aottwar. .ncouraa.s the stud.nts to 
.xperiment. Th. araphical output and. in part1cular. the ab1litv to 
sup.rimpos. araphs. aiv.s stud.nts a qualitative t •• l tor the mod.l 
b.ina .tudi.d and this l.ads to a ar.at.r appr.ciation and 
und.r.t.ndina ot its b.h.viour. 
Th. r.quir.m.nt tor the atudent to .ubmit • writt.n r.port ot his 
inv.ati •• tion i. con.id.r.d to b. .n import.nt compon.nt ot the 
.x.rci... Althouah collabor.tion i •• llow.d. and ind •• d .ncouraa.d. 
wh.n uain. the comput.r tor the .ctu.l inv •• tiaat10n. e.ch .tud.nt i. 
required to produc. hi. own r.port. Copv1n. i •••• 1lv d.t.cted. 
Th. m.~oritv ot .tudents cho •• to work in small .roup •• aivina th.m 
valuable experi.nce ot coop.rative .ttort .nd t.am work1n. t.chniqu ••. 
Concluaiona 
The laboratorv environm.nt .ncour.... the dev.lopment ot an 
inve.ti.ative appro.ch towards mathem.tic.. Given appropriate .ottware 
and structured worksheets. the student. .re able to conc.ntr.t. on the 
mathematical model. to experiment. to di.cover and to deduce re.ult. 
(4]. Student. en~ov the laboratorv work which thus le.d. to increa.ed 
motivation. 
The computer p.ck.... u.ed are not ap.citic.llv de.i.ned to te.ch anv 
new material but to a •• iat in the application of .xi.tin. knowled •• • 
Under.tandin. in mathematic. impli.. an .bilitv to mak. u.. ot • 
concept in a vari.tv ot •• ttina. [1). U •• ot comput.r .ottw.r. a. a 
teachin. .id tor inv •• ti.ativ. work and re.li.tic probl ••• olvina can 
enhance .tudent under.t.ndin. ot the und.rlvina mathematical conc.pt •. 
Ret.rence. 
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Finding the Unstable Orbit - a tertiary level investigation 
D. Mackie 
Introduction 
The desirability of including investigative and experimental work 
in the mathematics curriculum has been accepted for some time now [lJ. 
Investigational work is not only an excellent vehicle for learning but 
also encourages initiative, co-operation between students, and the 
application of a broad range of skills. Recent changes in schools' 
curricula reflect this new approach. 
Although, at higher education level, restrictions of timetable, 
class size or time may limit the scope for such work, it is important to 
include some investigational work in the mathematics curriculum. The 
demands made on mathematicians and engineers working in industry are such 
that they must be able to apply their mathematics to a wide range of 
problems, to interpret the results of their work and to report their 
findings. 
In the Mathematics Department at Napier polytechnic, computers 
play a significant role in introducing science and enginering students to 
meaningful investigations. Use of computer packages can greatly extend 
the nature and scope ot such work. This paper describes a typical 
exercise given to second year students of the B.Eng. degree in 
Communications and Electrical Engineering. 
The Laboratory Environment 
The mathematical sciences laboratories at Napier consist of a 
network of BBC micros, a library of carefully selected software and a 
large collection of associated worksheets, many of which are of an 
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open-ended nature, thus creatinq an environment ideally suited to 
experimentation and discovery [2]. Students on the Engineering degree 
course (and many other courses) use the laboratory both for supervised 
tutorial sessions and to complete exercises in their own time. 
The computer package, NODES, which is used for the investigation 
described in this paper, has been developed at Napier Polytechnic [3] 
specifically for investigative work. It solves single or systems of 
first-order differential equations numerically and produces both tabular 
and graphical solutions. The highly flexible and interactive nature of 
the program allows problem parameters to be easily modified and the 
resultant effect on the solution observed. Successive graphical 
solutions may be superimposed. 
Using the NODES package as a sophisticated tool , the students are 
able to model realistic and important systems which they would be unable 
to solve analytically. 
The Investigation 
For this exercise the student is given the following second-order 
differential equation: 
y" + €(1 - y2 + ~y4}y' + Y • 0 ------------- (1) 
1 
where E > 0 and 0 < ~ , - • 
8 
This equation is an extension of the van der Pol oscillator and is 
essentially a harmonic oscillator with a non-linear damping coefficient. 
(Setting ~ 'II 0 gives the standard van der Pol equation.) 
After an initial discussion of phase-plane trajectories and phase 
portraits , the students are ready to tackle the following investigation: 
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(a) Obtain the solution to the given equation when E • 1 and", • 0.1, 
using the following sets of initial conditions: 
yeO) y' (0) 
(i) 4 -5 
(it ) 2 2 
(iii ) 1 1 
(b) Plot the phase plane trajectories associated with each of the 
above solutions, and hence construct the phase portrait for E = 1 
and", = 0.1. 
(c) construct the phase portrait for E = 2 and IJ. = 0.1. 
The first task is to convert the second-order differential 
equation to a pair of simultaneous first-order equations as follows: 
Let Y 1 = Y 
yz = y'. 
Then equation (1) may be written as: 
, 
yz = E(Y1 Z - 1 - IJ.Y14)yZ - Y1 • 
With E = 1 and IJ. = 0.1, the problem may be restated as: 
, 
Y2 = (Y 1 Z - 1 - O.ly 1 4 )Y2 - Y1 ------- (2) 
When this pair of equations (2) is input to NODES, the solutions 
for the three given sets of initial conditions can be plotted as shown in 
Figure 1. The ability of the software to superimpose graphs greatly 
facilitates the comparison of these solutions. Whilst (i) and (ii) 
exhibit periodic solutions, the different behaviour of problem (iii) is 
immediately apparent. 
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By plotting y against y' (Y1 against yz in NODES), phase plots are 
obtained. The phase plot of problem (i) settles down to a closed 
trajectory (Figure 2). 
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Figure 3 shows that, whereas the plot of problem (ii) spirals out to join 
the same stable orbit as problem (i), the phase plot of problem (iii) 
spirals in towards the origin • 
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These results suggest a stable limit cycle within which there is a 
focus at the origin. The interesting task now is to find the critical 
unstable trajectory. Experimentation with different starting values 
between the points (1,1) and (2,2) eventually yields the phase portrait 
shown in Figure 4, revealing a critical point to be (a,a) where 
1.304 < a < 1.305. 
Y2 
-5.38 
/;;/---~-~---
,t. ........ .... o 
~ ,,' ....... ----.. -... . 
/,:.... 0_'0._-
/ .. " 
.... 
" '~" 
":r:-.~ _ .. 
Figure 4 
The procedure can be repeated for different values of E and ~, 
this latter part of the worksheet having deliberately been left 
open-ended. 
As a result of this exercise, the students develop an awareness of 
phase-plane trajectories and phase portraits. They have also explored an 
important model Which exhibits both a stable limit cycle and an unstable 
orbit. 
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Impact on the Student Learning 
Use of a computer package is essential for an exercise of this 
nature. By experimenting, students develop an understanding of the 
properties of the system being studied and the physical significance of 
the results [4]. In particular, the graphical output gives the user a 
qualitative feel for the solution and enables him to build up a 
comprehensive picture of the behaviour of the model. Comments from 
students who have used the package support this argument: 
"You can see the problem more clearly when visually displayed." 
NODES helps show "how mathematical models behave under 
different conditions" ..•.. "thus showing what the model 
does instead of just finding a solution." 
"The package helped me understand what (the solution to) 
a differential equation did and how it worked with respect 
to the initial values." 
Students enjoy the laboratory work, thus increasing their 
motivation towards the course. The majority of students choose to work 
in small groups, giving them valuable experience of co-operative effort 
and team-working techniques. However, each student is required to submit 
his own report of the investigation. 
In conclusion, investigative work in the mathematics laboratory 
helps stUdents to develop an experimental approach towards problem 
solving. In addition, it enriches and extends their knowledge and 
understanding of a topic. 
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COMPUTER-BASED INVESTIGATIONS 
by 
Diana Mackie and Tom Scott 
Dept of Mathematics, Napier College 
At long last, amongst recent intakes of first-year students at 
Napier College, a significant proportion have some experience 
of investigations as part of their school Mathematics 
curriculum. This is to be applauded, and it is hoped that the 
current trend towards more investigative work in our schools 
will continue. Evidence has been collected (1] which confirms 
that as a vehicle for learning, the investigation is more 
effective (and efficient) than traditional methods, although 
different areas of the syllabus require different types of 
investigation. 
It has long been recognised that an important medium for 
investigative work is the microcomputer, and it is 
disappointing to note that in Scottish schools there is still a 
severe shortage of computing facilities for Mathematics 
classes. Even on an individual basis, which might be quite 
adequate for some types of investigation, it seems to be very 
difficult to gain access to a microcomputer . Of a sample of 116 
students entering college in September 1986, only 15% had used 
computers regularly at school, 32% occasionally and the 
remaining 53% not at all. Fortunately, however, the provision 
of computing facilities for Mathematics students in Colleges 
and Universities is much better. It is therefore relatively 
easy to organise computer-based assignments in Mathematics, and 
even more appropriate when there is good software available for 
the students to use. 
In the department of Mathematics at Napier College, there are 
two Mathematical Sciences Laboratories, each of which contains 
a network of BBC microcomputers. The most important usage of 
these facilities is in the field of Mathematical and 
Statistical investigations. Although Statistics packages have 
been purchased from external sources, most of the Mathematics 
software which is commonly used has been developed within the 
department. The resulting library of software is theretore 
highly suitable for investigative work, having been produced 
(or acquired) with this type of usage in mind. 
Against this background, laboratory exercises have b.en 
generated by several of the staff in the department and a large 
collection of worksheets which utilise the software has now 
been compiled. The general aim of allot the worksheets is to 
direct the student's learning experience in a given direction. 
With this is mind, authors are required to state their 
objectives at the beginning of each sheet. By far the most 
common type of objective is one involving some sort of 
investigation of a mathematical or statistical model, including 
perhaps a sensitivity analysis of the solution. It is important 
to emphasise that, with an appropriate worksheet, a single 
laboratory session is sufficient to allow useful and realistic 
problems to be explored. The student is encouraged to 
experiment with model parameters and investigate their effeot 
on particular solutions. It is this latter analysis, in 
particular, which enriches the student's experience; and the 
laboratory environment is essential for the work involved. 
• 2 • 
With the recent conversion of many engineering degree courses 
from SSc to SEngi the inclusion of "Engineering Applications" 
across the curriculum has given a new purpose to laboratory-
based assignments. Many of the worksheets are suitable for 
the Mathematics component of engineering applications, and more 
are being produced f~r use with first through to tinal year 
students. The arrangements for any group of students would 
typically include a series of lectures and tutorials on the 
relevant section of the syllabus, followed by an introduction 
to the software to be used, with some further explanation of 
the Mathematics as part of a supervised laboratory session. 
Thereafter the investigation would be carried out by the 
students during periods of open access to the laboratory. 
The situation is ideal for extending the student's learning 
through discovery and experimentation with new ideas. For 
example, an assignment which is given to a second year class of 
electrical engineering students involves the phase-plane 
analysis ot the Van der Pol oscillator. Prior to tackling 
this investigation, the group has received lectures on solving 
ordinary differential equations using Laplace Transforms. They 
are familiar with initial value problems and how to express 
higher order equations as a system of 1st order equations. 
They have derived the simultaneous equations which model 
coupled circuits, and solved them analytically. But that is 
all ! 
With this background, the students are provided with the non-
linear Van der Pol equation: 
.. 
y + ~y(y2 - 1) + Y = 0 ........... ( 1 ) 
and an extension: 
y + €(1 - y2 + ~y4)y + Y = 0 .......... (2) 
and asked to: 
(a) obtain solutions for both models; 
(b) construct phase portraits; 
(c) investigate the limit cycle of the Van der Pol oscillator; 
( d) investigate the effect ot changing the parameters 
model ( 2 ) ; 
(e) submit a written report of their findings within a 
prescribed period of time. 
ot 
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As part of their introduction to the software, the students 
learn that the package is designed for solving systems of 1st 
order equations, so that both models have to be expressed as 
pairs ot simultaneous equations before part (a) can be done. 
During the (initial) supervised laboratory session, some 
discussion of phase-plane trajectories and phase portraits 
takes place. Following this discussion, the students are 
ready to tackle the investigation as prescribed by the 
following two experiments: 
EXPERIMENT 1 
(The Van der Pol Oscillator) 
The non-linear van der Pol ' equation is 
. . -y + ~y(yl - 1) + Y - 0 •• 0 0 0 0 • 0 •• 0 • 0 • 0 ( 1 ) 
(a) For ~ = 0.75, obtain the solution to (1) using the 
following sets of initial cond1tions: 
( i) 
( i i ) 
y(O) 
o 
3 
. 
y(O) 
1 
3 
(b) Plot the phase-plane trajectories associated with each 
of the above solutions, and hence construct the phase 
portrait for ~ = 0.75. 
(c) For ~ • (15, plot graphs against ~ ot: 
the periodic time; ( i) 
( ii ) 
( i 1i ) 
the maximum displacement y; 
the maximum velocity y; 
and comment on your results. 
EXPERIMENT 2 
For the differential equation 
y + €(1 - yl + ~y4)y + Y • 0 ....... 0 (2) 
where € > 0 and 0 , ~ < t 
(a) obtain the solution when € • 1 and ~ - 0.1, using the 
following sets of initial conditions: 
( i) 
( i i) 
(1ii) 
y(O) 
4 
2 
1 
• y(O) 
-5 
2 
1 
• • • 
(b) plot the phase-plane trajectories associated with each ot 
the above solutions, and hence construct the phase portrait 
for ~ - 1 and ~ - 0.1. 
(c) investigate the Qehaviour of the solution of (2) for 
various values of the parameters ( and ~. 
For this assignment, the software used is a program called 
NODES, which has been developed by the authors. Having been 
designed specifically for investigative work, the package 
produces graphical solutions as well as the usual tables ot 
values. It also allows the user to easily change parameters and 
obtain new solutions, with the option ot superimposing 
successive graphs. Students obviously require a hard-copy of 
their results, and this too is a feature of the package. 
This is only one example of an investigation. There are many 
others currently in use and the signs are that computer-based 
assignments will become an essential ingredient in most 
courses. The main educational purpose is to exploit the 
effectiveness of investigations. The authors believe that 
such projects reinforce and extend the students' understanding 
of the topics to which they relate. 
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Using Computers to enhance the IA!arning of Mathematics 
D. Macki. 
T.D. Scott 
Department of Mathematics, 
Napier College, 
Colinton Road, 
Edinburgh. 
SUlDDlary 
Usinq computers to support the teachinq and learninq of 
mathematics requires careful planninq, qood software and appropriate 
back-up material. This paper describes the role of micros in the 
Department of Mathematics at Napier Colleqe, and outlines the design 
philosophy of the learninq packaqes beinq used. The students benefit 
from improved facilities for realistic problem solvinq and investiqative 
work, leadinq to a siqnificant enhancement of their mathematical 
experience. 
1. Introduction 
For some considerable time now, it has been recognised that 
teachers/lecturers should devote some time to planninq, as part of their 
lesson/lecture preparation: and, in particular, careful selection of the 
most appropriate teachinq method has become an essential prerequisite for 
effecti ve learninq. It is certainly true that such an approach is 
necessary for successful learninq of mathematics, within which we include 
the levels studied at colleqes and universities. 
Until fairly recently, mathematics lecturers have had only limited 
resources available for attemptinq to improve ' (or even sustain) their 
effectiveness in the classroom. Now, however, teachers/lecturers have a 
wide choice of resource to support their teachinq: tape/slide proqrammes, 
video proqrammes, self-instruction texts, computer-based materials, etc. 
It has become essential, therefore, for the teacher/lecturers to devote 
time to the selection of teachinq medium for each part of the course and 
to the planning of the total learning • package' [I]. Because of the 
demands for higher standards of achievement, at school and college, such 
an approach is necessary at all levels of mathematics teaching. 
In this paper the role of computers in this educatonal 'packaqe' 
is examined, and a development at Napier Colleqe is described. 
2. Computers in Mathematical Education 
As computers have become cheaper and available to larger numbers 
of students, more attention has been paid to using them to assist in the 
teaching of mathematics. Computers have been in use in the mathematics 
departments of colleges and universities since the 1960s. In the fields 
of numerical analysis and statistics, in particular, they have proved 
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themselves invaluable by removinq much of the numerical drudgery. 
One . approach towards usinq computers which is sometimes taken 
requires students to write their own proqrams. This can be a useful 
exercise for straightforward algorithms (e.g. Newton-Raphson iteration) as 
it encourages the student to think logically and reinforces his 
understanding of the method. Writing good computer programs, however, is 
time-consuming and, for some students, may be tedious. In addition, 
there is a danger in seeinq the proqram as an end in itself rather than a 
tool to be used to further his understandinq of the topic being studied. 
An alternative approach is to use existinq packages. 
Unfortunately, much of the available software is badly written, unreliable 
and difficult to use, having changed little from the days of 
batch-processinq. Gi ven such software and a lack of sui table support 
ma teri aI, their use is often I imi ted al,d unimaqinati ve • In this 
situation students can quickly become frustrated and resort to the more 
familiar calculator or even pencil and paper. Better programs, which do 
take advantage of the computer's interactive capabilities, are slowly 
becoming available. 
3 • A Teachinq Approach 
At Napier College, Edinburgh, the Mathematics Department has been 
involved in the use of computers in teachinq for many years [2]. At 
first, teletype terminals to a mainframe were used. These were slow and 
unreliable. Wi th the advent ot the microcomputer, the authors believed 
that improved methods ot enhancinq the teachinq/learninq of mathematics 
were possible. The use of carefully and appropriately designed learning 
packages could promote Detter student understanding of the underlying 
mathematical concepts and encourage him towards problem solvinq and 
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investiqative work. 
Two important Hthods have evolved. The first of these involves 
usinq computer-based demonstrations within lectures, and has been 
successfully introduced over a ranqe of course with a wide variety at 
topics. This set-up requires a Jaicrocomputer (or mainframe tel'1linal) 
linked to monitors (or a display screen) in such a way that the 
interaction with the computer is clearly visible to all. Usinq this 
arranqement the lecturer . can deJIonstrate important concepts, and solve 
problems in a manner which time and conventional facilities would not 
permit. For example, qood graphics is ideal for illustratinq the 
convergence of Fourier Series. 
The second method followed naturally from the first, as the 
interest generated by this use of the computer made it evident that 
students would benefit froll usinq the packaqes themselves. In the 
interests of efficiency, it is desirable to locate all of the computer 
equipment inside one rOOll, the mathematics laboratory. 
At Napier Colleqe a "mathematics laboratory" was established, 
consistinq of a networked system of 10 BBC microcomputers linked to a file 
server, a 20 meqabyte Winchester disc, a line printer and a graph plotter. 
The laboratory is available both for supervised sessions and for periods 
of open access to students. It is used reqularly by science and 
enqineerinq students. The majority of the software used has been 
developed within the departDant. 
The first packaqe to be made available in the laboratory was a 
Graph Plottinq packaqe. Students quickly gained confidence when usinq 
this packaqe and, beinq of such a qeneral nature, it has proved useful in 
a wide variety of applications. 
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Other packaqes include Numerical Integration, solution of 
differential equations by Runqe-Kutta methods, Newton-Raphson iteration, 
simulation of a sinqle server queue, linear and inteqer proqramminq, and a 
statistical analysis packaqe. Many of these are first issues and 
extensions are planned. 
4. Design of Packaqes 
In line with views of others workinq in the field, the authors 
believe that the design of the software is extremely important [3]. It 
is essential for each package to have clearly defined objectives. A 
common feature of the programs is that, once loaded (a sinqle command), 
they are very simple to use and, in general, do not require a user manual. 
They should have a uniformity of approach and be flexible in use, makinq 
full use of the computer's interactive and graphics capabilitias. They 
must allow the student to try any apparently reasonable "experiment" and, 
if the algorithm fails, or the program produces error messages, it should 
tell him why. The reasons for qetting it wrong are often more important 
than the error messages. One of the advantages of a computer over a 
teacher is that the student is not embarrassed by his mistakes, and is 
therefore more likely to persist in his attempts to find a solution [4]. 
Th.. student, thus, has at his disposal a flexible piece ot "apparatus" 
with Which he can conduct "experiments" in mathematics. 
ot course, not many stUdents will proqress sufficiently if lett to 
experiment completely treely. Just as in any other science laboratory, 
direction must be provided via a worksheet [5]. Such worksheets must be 
carefully designed and well prepared. Their design should reflect the 
aims and objectives of the laboratory session. Depending on the 
lecturer's perception of the exercise, the written material may take the 
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form of a set of questions similar to the ones encountered in a 
tradi tional tutorialfproblo class. However, it is lIore likely that a 
lab sheet would include some "open-ended" exercises, of the type that lend 
themselves to investigation in the laboratory. Indeed, some of the work 
to be undertaken might be of an experimental nature, leading to written 
reports for submission to the lecturer concerned. 
A typical package is LINPROG which is described in the Appendix. 
It is intended for use by students on a variety of degree and diploma 
courses in which linear and/or integer programming is studied. 
from accompanying worksheets are included in the Appendix. 
5. Summary 
Extracts 
It must be emphasised that the student should have been taught the 
underlying mathematical concepts before using the package. Its use will 
then enhance his understanding and enable him to apply his mathematics to 
a greater variety of problems. 
Inappropriate use of the computer is to be avoided. More 
specifically, it can only be effective if it has been selected and 
properly evaluated as the best method available for a given learning 
situation [6J. 
In conclusion, the role of the computer, whether in the classroom 
or in the laboratory, is to extend the repertoire of the mathematics 
teacher. The authors believe that it has become an important tool in the 
field of mathematical education, and deserves proper consideration as such 
at the planning stage of the student's learning experience. Much work 
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has still to be done in the area of computer assisted learning of 
uthematicI, includinq the preparation of new uterial and, ot equal 
importance, the proper evaluation of such material. 
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